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Sir: 



PRELIMINARY AMENDMENT 



Prior to the examination of this application, please amend it as follows. 



IN THE SPECIFICATION 

Please amend the specification in accordance with the following rewritten 
paragraphs in clean form. Applicant includes herewith an Attachment for Specification 
Amendments showing a marked up version of each amended paragraph. 

[0014] Furthermore, in the reflective liquid crystal device in the first aspect, And 
of the first retardation plate is 150 ± 50 nm or 600 ± 50 m (i.e., 100 to 200 nm or 550 to 
650 nm), and And of the second retardation plate is 550 ± 50 nm (i.e., 500 to 600 nm), 



and thus the situation that a black display is reddened or blued can be effectively 
avoided. In addition, since the angle 01 (i.e., the angle formed by the transmission axis 
or absorption axis of the polarizer and the optical axis of the second retardation plate) is 
15 to 35 degrees, and the angle 92 (i.e., the angle formed by the optical axis of the first 
retardation plate and the optical axis of the second retardation plate) is 60 to 80 
degrees, the brightness and contrast ratio can be increased simultaneously, and the use 
of the two retardation plates permits a high-quality reflective display in which color 
correction is precisely performed in color display or monochromatic display. 

[0015] On the other hand, in the reflective liquid crystal device in the second 
aspect, And of the first retardation plate is 150 ± 50 nm (i.e., 100 to 200 nm), and And of 
the second retardation plate is 610 ± 60 nm (i.e., 550 to 670 nm), and thus the situation 
that a black display is reddened or blued can be effectively avoided. In addition, since 
the angle 91 is 10 to 35 degrees, and the angle 02 is 30 to 60 degrees, the brightness 
and contrast ratio can be increased simultaneously, and the use of the two retardation 
plates permits a high-quality reflective display in which color correction is precisely 
performed in color display or monochromatic display. 

[0034] Furthermore, in the transflective liquid crystal device in the first aspect, 
And of the first retardation plate is 150 ± 50 nm (i.e., 100 to 200 nm) or 600 ± 50 m (i.e., 
550 to 650 nm), and And of the second retardation plate is 550 ± 50 nm (i.e., 500 to 600 
nm), and thus the situation that a black display is reddened or blued can be effectively 
avoided. In addition, since the angle 91 (i.e., the angle formed by the transmission axis 
or absorption axis of the polarizer and the optical axis of the second retardation plate) is 
15 to 35 degrees, and the angle 02 (i.e., the angle formed by the optical axis of the first 
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retardation plate and the optical axis of the second retardation plate) is 60 to 80 
degrees, the brightness and contrast ratio can be increased simultaneously, and the use 
of the two retardation plates permits a high-quality reflective display in which color 
correction is precisely performed in color display or monochromatic display. 

[0035] On the other hand, in the transflective liquid crystal device in the second 
aspect, And of the first retardation plate is 150 ± 50 nm (i.e., 100 to 200 nm), and And of 
the second retardation plate is 610 + 60 nm (i.e., 550 to 670 nm), and thus the situation 
that a black display is reddened or blued can be effectively avoided. In addition, since 
the angle 91 is 10 to 35 degrees, and the angle 92 is 30 to 60 degrees, the brightness 
and contrast ratio can be increased simultaneously, and the use of the two retardation 
plates permits a high-quality display in which color correction is precisely performed in 
color display or monochromatic display. 

[0080] Embodiments in the best mode for carrying out the present invention will 
be described in order based on the drawings. 

[0091] Although not shown in Figs. 1 and 2, a frame made of the same material 
as or a different material from the light shielding film in the color filter 23 is formed in 
parallel with the inside of the sealing material 32 to define the image display region. 
The frame may be formed on one or both of the second substrate 20 and the first 
substrate 10. Alternatively, the frame may be defined by the edge of a light shielding 
case in which the reflective liquid crystal device is contained. 

[0108] Unlike in the first embodiment, in the second embodiment, And of the first 
retardation plate 106 is 150 ± 50 nm, And of the second retardation plate 1 16 is 610 + 
60 nm, the angle 91 formed by the transmission axis or absorption axis of the polarizer 
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105 and the optical axis of the second retardation plate 1 1 6 is 1 0 to 35 degrees, and the 
angle 92 formed by the optical axis of the first retardation plate 106 and the optical axis 
of the second retardation plate 116 is 30 to 60 degrees. Therefore, in the reflective 
liquid crystal device of the second embodiment, reflectance for light near the 
wavelength of 550 nm is increased to permit a bright reflective color display having high 
contrast. Furthermore, by using the two retardation plates, color correction can be 
easily and precisely performed, and a beautiful black display or white_display (a black or 
white display without substantially no redness, blueness, greenness, or the like) can be 
obtained. 

[0143] Unlike in the sixth embodiment, in the seventh embodiment, And of the 
first retardation plate 106 is 150 ± 50 nm, And of the second retardation plate 1 16 is 610 
± 60 nm, the angle 91 formed by the transmission axis or absorption axis of the 
polarizer 1 05 and the optical axis of the second retardation plate 1 1 6 is 1 0 to 35 
degrees, and the angle 92 formed by the optical axis of the first retardation plate 106 
and the optical axis of the second retardation plate 1 16 is 30 to 60 degrees. Therefore, 
in the transflective liquid crystal device of the seventh embodiment, reflectance for light 
near the wavelength of 550 nm is increased to permit a bright reflective color display 
having high contrast. Furthermore, by using the two retardation plates, color correction 
can be easily and precisely performed, and a beautiful black display or white display (a 
black or white display without substantially no redness, blueness, greenness, or the like) 
can be obtained. 
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IN THE CLAIMS 

Please cancel claims 4 and 18, without prejudice. 



REMARKS 

The purpose of this preliminary amendment is to clarify the translation of the 
application. Favorable consideration of this application is respectfully requested. 



Respectfully submitted, 



Dated: 3*~a- ^ ,2001 




Bryant E. Wade 
Reg. No. 40,344 

Harness, Dickey & Pierce, P.L.C. 
P.O. Box 828 

Bloomfield Hills, Michigan 48303 
(248)641-1600 



GGS/BEW/jah 
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ATTACHMENT FOR SPECIFICATION AMENDMENTS 

The following is a marked-up version of each amended paragraph in which 
underlining represents insertions and brackets represent deletions. 

[0014] Furthermore, in the reflective liquid crystal device in the first aspect, And 
of the first retardation plate is 150 ± 50 nm or 600 ± 50 m (i.e., 100 to 200 nm or 550 to 
650 nm), and And of the second retardation plate is 550 ± 50 nm (i.e., 500 to 600 nm), 
and thus the situation that a black display is [redden] reddened or blued can be 
effectively avoided. In addition, since the angle 61 (i.e., the angle formed by the 
transmission axis or absorption axis of the polarizer and the optical axis of the second 
retardation plate) is 15 to 35 degrees, and the angle 82 (i.e., the angle formed by the 
optical axis of the first retardation plate and the optical axis of the second retardation 
plate) is 60 to 80 degrees, the brightness and contrast ratio can be increased 
simultaneously, and the use of the two retardation plates permits a high-quality 
reflective display in which color correction is precisely performed in color display or 
monochromatic display. 

[0015] On the other hand, in the reflective liquid crystal device in the second 
aspect, And of the first retardation plate is 150 ± 50 nm (i.e., 100 to 200 nm), and And of 
the second retardation plate is 610 ± 60 nm (i.e., 550 to 670 nm), and thus the situation 
that a black display is [redden] reddened or blued can be effectively avoided. In 
addition, since the angle G1 is 10 to 35 degrees, and the angle 62 is 30 to 60 degrees, 
the brightness and contrast ratio can be increased simultaneously, and the use of the 
two retardation plates permits a high-quality reflective display in which color correction 
is precisely performed in color display or monochromatic display. 
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[0034] Furthermore, in the transflective liquid crystal device in the first aspect, 
And of the first retardation plate is 150 ± 50 nm (i.e., 100 to 200 nm) or 600 ± 50 m (i.e., 
550 to 650 nm), and And of the second retardation plate is 550 ± 50 nm (i.e., 500 to 600 
nm), and thus the situation that a black display is [redden] reddened or blued can be 
effectively avoided. In addition, since the angle 91 (i.e., the angle formed by the 
transmission axis or absorption axis of the polarizer and the optical axis of the second 
retardation plate) is 15 to 35 degrees, and the angle 02 (i.e., the angle formed by the 
optical axis of the first retardation plate and the optical axis of the second retardation 
plate) is 60 to 80 degrees, the brightness and contrast ratio can be increased 
simultaneously, and the use of the two retardation plates permits a high-quality 
reflective display in which color correction is precisely performed in color display or 
monochromatic display. 

[0035] On the other hand, in the transflective liquid crystal device in the second 
aspect, And of the first retardation plate is 150 ± 50 nm (i.e., 100 to 200 nm), and And of 
the second retardation plate is 610 ± 60 nm (i.e., 550 to 670 nm), and thus the situation 
that a black display is [redden] reddened or blued can be effectively avoided. In 
addition, since the angle 91 is 10 to 35 degrees, and the angle 92 is 30 to 60 degrees, 
the brightness and contrast ratio can be increased simultaneously, and the use of the 
two retardation plates permits a high-quality display in which color correction is precisely 
performed in color display or monochromatic display. 

[0080] Embodiments in the best mode for carrying out the present invention will 
be described in order based on the drawings. 
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[0091] Although not shown in Figs. 1 and 2, a frame made of the same material 
as or a different material from the light shielding film in the color filter 23 is formed in 
parallel with the inside of the sealing material 32 [52] to define the image display region. 
The frame may be formed on one or both of the second substrate 20 and the first 
substrate 10. Alternatively, the frame may be defined by the edge of a light shielding 
case in which the reflective liquid crystal device is contained. 

[0108] Unlike in the first embodiment, in the second embodiment, And of the first 
retardation plate 106 is 150 ± 50 nm, And of the second retardation plate 1 16 is 610 ± 
60 nm, the angle 61 formed by the transmission axis or absorption axis of the polarizer 
1 05 and the optical axis of the second retardation plate 1 1 6 is 1 0 to 35 degrees, and the 
angle 92 formed by the optical axis of the first retardation plate 106 and the optical axis 
of the second retardation plate 1 1 6 is 30 to 60 degrees. Therefore, in the reflective 
liquid crystal device of the second embodiment, reflectance for light near the 
wavelength of 550 nm is increased to permit a bright reflective color display having high 
contrast. Furthermore, by using the two retardation plates, color correction can be 
easily and precisely performed, and a beautiful black display or [while] white display (a 
black or [while] white display without substantially no redness, blueness, greenness, or 
the like) can be obtained. 

[0143] Unlike in the sixth embodiment, in the seventh embodiment, And of the 
first retardation plate 106 is 150 ± 50 nm, And of the second retardation plate 1 16 is 610 
± 60 nm, the angle 61 formed by the transmission axis or absorption axis of the 
polarizer 105 and the optical axis of the second retardation plate 1 16 is 10 to 35 
degrees, and the angle 92 formed by the optical axis of the first retardation plate 106 
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and the optical axis of the second retardation plate 1 1 6 is 30 to 60 degrees. Therefore, 
in the transflective liquid crystal device of the seventh embodiment, reflectance for light 
near the wavelength of 550 nm is increased to permit a bright reflective color display 
having high contrast. Furthermore, by using the two retardation plates, color correction 
can be easily and precisely performed, and a beautiful black display or [while] white 
display (a black or [while] white display without substantially no redness, blueness, 
greenness, or the like) can be obtained. 
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DESCRIPTION 



REFLEC TIVE AND T RANSFL ECT IVE LIQUID CRYSTM-M^ 



APPARATUS 



5 



Technical Field 



[0001] 



The present invent i( 



relates to a passive matrix 



driving system liquid crystal device or the like, and an electronic 
apparatus using the same. Particularly, the present invention relates 
to an internal reflection system reflective liquid crystal device and 

10 transf lective liquid crystal device respectively comprising a reflecting 
layer and a transf lective layer provided on the liquid crystal side of a 

. substrate, and an electronic apparatus using such a liquid crystal 

device . 

15 Background Art 



light for display without using a light source such as a back light is 
conventionally advantageous from the viewpoint of reduction in power 
consumption, reduction in size and weight, or the like, and is thus used 

2 0 for portable electronic apparatuses, in which particularly, portability 
is regarded as important, such as a portable telephone, a wristwatch, an 
electronic notebook, a notebook-size personal computer, etc. A 
conventional reflective liquid crystal device comprises a liquid crystal 
held between a pair of substrates, and a reflector provided on the back 

2 5 of a liquid crystal panel, for reflecting external light incident on the 



[0002] 



A reflective liquid crystal device utilizing external 



1 



surface side through the liquid crystal panel, a polarizer, etc. 
However, in this liquid crystal device, parallax occurs in a display 
image due to the long optical path from the liquid crystal separated by 
the substrates or the like to the reflector, thereby causing double 
5 exposure. In a color display, color lights are mixed by the long 

optical path to cause difficulties in displaying a high-quality image. 
~- In addition, since external light attenuates during the time from 

S incidence on the liquid crystal to return from the reflector, a bright 

display is basically difficult. 
^ 10 [0003] Therefore, an internal reflection system reflective 

z _ liquid crystal device has recently been developed, in which a display 

= electrode formed on a substrate located at the side opposite to the 

external light incidence side is also used as a reflector to bring the 
reflection position near a liquid crystal layer. More specifically, 
15 Japanese Unexamined Patent Application Publication No. 8-114799 

discloses the technique of forming a pixel electrode used as a reflector 
on a substrate. 

[0004] On the other hand, a transf lective liquid crystal 

device utilizes external light for visualizing a display, and thus a 

2 0 display cannot be read in a dark place. Therefore, a transf lective 

liquid crystal display device is proposed in Japanese Unexamined Utility 
Model Publication No. 57-049271 and Japanese Unexamined Patent 
Application Publication No. 8-292413, in which like the conventional 
reflective liquid crystal device, external light is utilized in a light 

25 place, while an internal light source is used for visualizing a display 



2 



in a dark place. 

[0005] However, in these liquid crystal devices, the 

transf lective plate, the back light, etc. are arranged on the outer 

plane of the liquid crystal panel on the side opposite to the 
5 observation side, and a transparent substrate is interposed between the 

liquid crystal layer and the transf lective plate, thereby causing double 
~ exposure, blurring in display, or the like. Furthermore, a combination 

J5J with a color filter produces double exposure, blurring in display, or 

the like due to parallax to cause the problem of failing to obtain 
?r 1 0 sufficient coloring. Therefore, a transf lective liquid crystal device 
jL is proposed in Japanese Unexamined Patent Application Publication No. 1- 

y= 318929, in which a pixel electrode serving as a transf lective film is 

S provided on the inner surface of a liquid crystal cell. 

15 Disclosure of Invention 

[0006] However, in the reflective liquid crystal device 

disclosed in Japanese Unexamined Patent Application Publication No. 8- 
114799, it is very difficult to simultaneously increase brightness and 
the contrast ratio. Particularly, in a color display, the use of one or 

2 0 a plurality of retardation plates (retardation film) for color 

correction has the problem of causing a great difficulty in precise 
color correction at the same time as increases in brightness and 
contrast ratio . 

[0007] On the other hand, in the transf lective liquid crystal 

2 5 device disclosed in Japanese Unexamined patent Application Publication 
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No. 7-318929, it is very difficult to simultaneously increase brightness 
and the contrast ratio in a reflective display. Particularly, in a 
color display, the use of one or a plurality of retardation plates 
(retardation film) for color correction has the problem of causing a 
great difficulty in precise color correction at the same time as 
increases in brightness and contrast ratio in a reflective display. 

[0008] Although the applicant of this application proposes a 

novel transflective liquid crystal device in Japanese Patent Application 
No. 10-160866, this liquid crystal device has a problem in which 
particularly in a reflective display, a sufficient reflectance cannot be 
obtained to produce a dark display. 

[0009] The present invention has been achieved in 

consideration of the above problems, and a technical object of the 
present invention is to provide a reflective liquid crystal device 
suitable for color display which exhibits increased brightness and 
contrast ratio, a transflective liquid crystal device suitable for color 
display which exhibits increased brightness and contrast ratio, 
particularly, in reflective display, and an electronic apparatus 
comprising a liquid crystal device comprising the reflective or 
transflective liquid crystal device. 

[0010] In order to achieve the technical object, in a first 

aspect of the present invention, a reflective liquid crystal device 
comprises a first substrate, a transparent second substrate opposed to 
the first substrate, a liquid crystal held between the first and second 
substrates, a reflecting electrode layer arranged on the first substrate 



opposite to the second substrate, a polarizer provided on the side of 
the second substrate, which is opposite to the first substrate side 
thereof, a first retardation plate arranged between the polarizer and 
the second substrate, and a second retardation plate arranged between 
the polarizer and the first retardation plate, wherein the twist angle 
of the liquid crystal is 23 0 to 2 60 degrees, the minimum and maximum And 
(product of optical anisotropy An and thickness d) of the liquid crystal 
are 0.85 Mm or less and 0.70 urn or more, respectively, And of the first 
retardation plate is 150 ± 50 nm or 600 ± 50 m, And of the second 
retardation plate is 550 ± 50 nm, the angle 01 formed by the 
transmission axis or absorption axis of the polarizer and the optical 
axis of the second retardation plate is 15 to 35 degrees, and the angle 
92 formed by the optical axis of the first retardation plate and the 
optical axis of the second retardation plate is 60 to 80 degrees. 

[0011] In order to achieve the technical object, in a second 

aspect of the present invention, a reflective liquid crystal device 
comprises a first substrate, a transparent second substrate opposed to 
the first substrate, a liquid crystal held between the first and second 
substrates, a reflecting electrode layer arranged on the side of the 
first substrate opposite to the second substrate, a polarizer provided 
on the side of the second substrate, which is opposite to the first 
substrate side thereof, a first retardation plate arranged between the 
polarizer and the second substrate, and a second retardation plate 
arranged between the polarizer and the first retardation plate, wherein 
the twist angle of the liquid crystal is 230 to 260 degrees, the minimum 



5 



and maximum And of the liquid crystal are 0.85 join or less and 0.70 um or 
more, respectively. And of the first retardation plate is 150 ± 50 nm, 
And of the second retardation plate is 610 ± 60 nm, the angle 01 formed 
by the transmission axis or absorption axis of the polarizer and the 
5 optical axis of the second retardation plate is 10 to 35 degrees, and 
the angle 82 formed by the optical axis of the first retardation plate 
and the optical axis of the second retardation plate is 3 0 to 60 
degrees . 

[0012] In the reflective liquid crystal device in each of the 

L0 first and second aspects of the present invention, external light 

incident on the polarizer side is reflected by the reflecting electrode 
layer provided on the first substrate through the polarizer, the 
transparent second substrate, and the liquid crystal, and is again 
emitted from the polarizer side through the liquid crystal, the second 

15 substrate and the polarizer. Therefore, the intensity of external light 
emitted as display light through the liquid crystal after reflection by 
the reflecting electrode layer can be controlled, for example, by 
controlling the orientation state of the liquid crystal using an 
electric field between the reflecting electrode layer (reflecting 

2 0 electrode) provided on the first substrate and the transparent electrode 
(counter electrode) provided on the second substrate. The presence of 
the transparent substrate between the liquid crystal and the reflector 
prevents the occurrence of double exposure and blurring of display, 
thereby permitting the achievement of sufficient coloring even in a 

25 color display. By using the two retardation plates including the first 



and second retardation plates arranged between the polarizer and the 
second substrate, color correction can easily and precisely be 
performed. The reflecting electrode layer means a single layer or 
multilayer film having both the reflecting function and the electrode 
function. 

[0013] Since the twist angle of the liquid crystal is 23 0 to 

260 degrees, a high contrast ratio, for example, of as high as "10" can 
be realized. At the same time, since the minimum and maximum And of the 
liquid crystal are 0.85 Urn or less and 0.70 urn or more, respectively, a 
change in transmittance with the applied voltage of the liquid crystal 
can be made monotonous (i.e., monotonous increase or monotonous 
decrease) in a relatively wide operating temperature range, which is 
required according to the specifications of the device, permitting 
accurate grayscale display. 

[0014] Furthermore, in the reflective liquid crystal device in 

the first aspect, And of the first retardation plate is 150 ± 50 nm or 
S00 i 50 m (i.e., 100 to 200 nm or 550 to 650 nm) , and And of the second 
retardation plate is 550 + 50 nm (i.e., 500 to 600 nm), and thus the 
situation that a black display is redden or blued can be effectively 
avoided. In addition, since the angle 01 (i.e., the angle formed by the 
transmission axis or absorption axis of the polarizer and the optical 
axis of the second retardation plate) is 15 to 35 degrees, and the angle 
62 (i.e., the angle formed by the optical axis of the first retardation 
plate and the optical axis of the second retardation plate) is 60 to 80 
degrees, the brightness and contrast ratio can be increased 



simultaneously, and the use of the two retardation plates permits a 
high-quality reflective display in which color correction is precisely 
performed in color display or monochromatic display. 

[0015] On the other hand, in the reflective liquid crystal 

device in the second aspect. And of the first retardation plate is 150 ± 
50 nm (i.e., 100 to 200 nm) , and And of the second retardation plate is 
610 ± 60 nm (i.e., 550 to 670 nm) , and thus the situation that a black 
display is redden or blued can be effectively avoided. In addition, 
since the angle 61 is 10 to 35 degrees, and the angle 62 is 30 to 60 
degrees, the brightness and contrast ratio can be increased 
simultaneously, and the use of the two retardation plates permits a 
high-quality reflective display in which color correction is precisely 
performed in color display or monochromatic display. 

[0016] In an embodiment of the first or second aspect of the 

present invention, in the reflective liquid crystal device, And of the 
liquid crystal is 0.70 to 0.85 ptm. 

[0017] in this embodiment, since And of the liquid crystal is 

0.70 to 0.85 um (i.e., the minimum and maximum And of the liquid crystal 
are 0.70 (Jm or more and 0.85 Mm or less, respectively), a change in 
transmittance with the applied voltage of the liquid crystal can be 
easily made monotonous in a wide operating temperature range which is 
required according to the specifications of the device, permitting 
accurate grayscale display. 

[0018] In the reflective liquid crystal device in the first or 

second aspect of the present invention, particularly, when the thickness 

8 



d of the liquid crystal is constant within the image display region or 
the aperture region of each pixel, good results (i.e., the good change 
in transmittance and grayscale display) can be obtained under the 
condition of And of 0.70 to 0.85 Mm. However, for example, when the 
thickness d of the liquid crystal is not constant over the entire region 
of each pixel because unevenness is formed on the surface of the 
reflecting electrode layer consciously from a design viewpoint or 
unconsciously, it is made difficult or impossible to set And of the 
liquid crystal within the range of 0.70 to 0.85 Jim over the entire 
region of each pixel. In this case, as described above, And of the 
liquid crystal is set so that the minimum is 0.85 Jim or less, and the 
maximum is 0.70 |M or more, thereby obtaining practically sufficient 
results (i.e., the good change in transmittance and grayscale display). 

[0019] In another embodiment of the first or second aspect of 

the present invention, the reflective liquid crystal device further 
comprises a color filter provided on the liquid crystal side of the 
first or second substrate. 

[0020] In this embodiment, the intensity of external light 

emitted as display light through the liquid crystal after reflection by 
the reflecting electrode layer can be controlled by controlling the 
orientation state of the liquid crystal using the reflecting electrode 
layer. Since reflected light is reflected through the color filter, a 
color reflective display can be performed. In this case, the use of the 
two retardation plates arranged between the polarizer and the second 
substrate permits relatively easy and accurate color correction. As a 

9 



result, brightness and the contrast ratio can be simultaneously 
increased, and a high-quality color reflective display with high color 
reproducibility can be performed. 

[0021] In still another embodiment of the first or second 

aspect of the present invention, in the reflective liquid crystal 
device, the reflecting electrode layer comprises a single-layer 
reflecting electrode. 

[0022] In this embodiment, the intensity of external light 

emitted as display light through the liquid crystal after reflection by 
the reflecting electrode provided on the first substrate can be 
controlled by controlling the orientation state of the liquid crystal 
using the reflecting electrode. The reflecting electrode may comprise a 
metal film, for example, of Al (aluminum) . 

[0023] In a further embodiment of the first or second aspect 

of the present invention, in the reflective liquid crystal device, the 
reflecting electrode layer has a laminated structure comprising a 
reflecting film, a transparent insulating film arranged on the 
reflecting film, and a transparent electrode arranged on the insulating 
film. 

[0024] m this embodiment, the intensity of external light 

emitted as display light through the liquid crystal after reflection by 
the reflecting film can be controlled by controlling the orientation 
state of the liquid crystal using the transparent electrode laminated on 
the first substrate. The transparent electrode may comprise, for 
example, an ITO (Indium Tin Oxide) film, and the insulating film may 
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comprise, for example, silicon oxide as a main component. On the other 
hand, the reflecting film may comprise, for example, a metal film of Al 



[0025] In a further embodiment of the first or second aspect 

of the present invention, the reflective liquid crystal device uses a 
passive matrix driving system in a normally black mode. 

[0026] In this embodiment, the passive matrix driving system 

in the normally black mode using, for example, a STN liquid crystal, 
enables a high-quality reflective display exhibiting high brightness and 
contrast ratio, and accurate color correction in a color display. 

[0027] In a further embodiment of the first or second aspect 

of the present invention, in the reflective liquid crystal device, 
unevenness is formed on the surface of the first substrate opposite to 
the second substrate. 

[0028] In this embodiment, external light reflected through 

the liquid crystal is reflected by the reflecting electrode layer which 
is formed on the uneven surface of the substrate to have unevenness, 
whereby optimum reflection properties can be obtained by controlling the 
size and shape of the unevenness, or the like. Therefore, a bright 
high-quality display can be finally obtained. As the method of forming 
the unevenness, for example, the method of forming an uneven surface of 
the first substrate, or the method of forming an uneven film on the 
surface of the flat first substrate may be used. Furthermore, the 
reflecting electrode layer may be formed in an uneven shape on the flat 
first substrate. 
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[0029] In order to achieve the technical object, in a first 

aspect of the present invention, a transf lective liquid crystal device 
comprises a first transparent substrate, a second transparent substrate 
opposed to the first substrate, a liquid crystal held between the first 
and second substrates, a light source provided on the side of the first 
substrate, which is opposite to the liquid crystal side thereof, a 
transflective electrode layer arranged on the side of the first 
substrate opposite to the second substrate, a polarizer provided on the 
side of the second substrate, which is opposite to the first substrate 
side thereof, a first retardation plate arranged between the polarizer 
and the second substrate, and a second retardation plate arranged 
between the polarizer and the first retardation plate, wherein the twist 
angle of the liquid crystal is 230 to 260 degrees, the minimum and 
maximum And of the liquid crystal are 0.85 jjm or less and 0.70 jjm or 
more, respectively, And of the first retardation plate is 150 ± 50 nm or 
600 ± 50 m, And of the second retardation plate is 550 + 50 nm, the 
angle 01 formed by the transmission axis or absorption axis of the 
polarizer and the optical axis of the second retardation plate is 15 to 
35 degrees, and the angle 92 formed by the optical axis of the first 
retardation plate and the optical axis of the second retardation plate 
is 60 to 80 degrees. 

10030] In order to achieve the technical object, in a second 

aspect of the present invention, a transflective liquid crystal device 
comprises a first transparent substrate, a second transparent substrate 
opposed to the first substrate, a liquid crystal held between the first 
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and second substrates, a light source provided on the side of the first 
substrate, which is opposite to the liquid crystal side thereof, a 
transf lective electrode layer arranged on the side of the first 
substrate opposite to the second substrate, a polarizer provided on the 
side of the second substrate, which is opposite to the first substrate 
side thereof, a first retardation plate arranged between the polarizer 
and the second substrate, and a second retardation plate arranged 
between the polarizer and the first retardation plate, wherein the twist 
angle of the liquid crystal is 23 0 to 2 60 degrees, the minimum and 
maximum And of the liquid crystal are 0.85 urn or less and 0.70 |Um or 
more, respectively. And of the first retardation plate is 150 ± 50 nm, 
And of the second retardation plate is 610 ± 60 nm, the angle 61 formed 
by the transmission axis or absorption axis of the polarizer and the 
optical axis of the second retardation plate is 10 to 35 degrees, and 
the angle 02 formed by the optical axis of the first retardation plate 
and the optical axis of the second retardation plate is 3 0 to 60 
degrees . 

[0031] In the transf lective liquid crystal device in each of 

the first and second aspects of the present invention, in a reflective 
display, external light incident on the polarizer side is reflected by 
the transflective electrode layer provided on the first substrate 
through the polarizer, the second transparent substrate, and the liquid 
crystal, and is again emitted from the polarizer side through the liquid 
crystal, the second substrate and the polarizer. Therefore, the 
intensity of external light emitted as display light through the liquid 



crystal after reflection by the transf lective electrode layer provided 
on the first substrate can be controlled, for example, by controlling 
the orientation state of the liquid crystal using an electric field 
between the transf lective electrode layer ( transf lective electrode) and 
5 the transparent electrode (counter electrode) provided on the second 

substrate. The presence of the transparent substrate between the liquid 
.1 crystal and the reflector prevents the occurrence of double exposure and 

blurring of display, thereby permitting the achievement of sufficient 
coloring even in a color display. By using the two retardation plates 
—10 including the first and second retardation plates arranged between the 
polarizer and the second substrate, color correction can easily and 
precisely be performed. The transf lective electrode layer represents a 
single layer or multilayer film having both the transf lective function 
and the electrode function. 

15 [0032] On the other hand, in a transmissive display, light 

emitted from the light source and transmitted through the transmission 
region of the transf lective electrode layer from the first substrate 
side is emitted from the polarizer side through the liquid crystal, the 
second substrate and the polarizer. Therefore, for example, when 

2 0 another polarizer is arranged between the first substrate and the light 
source so that the transmission axis and the absorption axis have the 
predetermined relations with the polarizer provided on the second 
substrate, the intensity of source light emitted as display light 
through the liquid crystal after transmission through the transf lective 

2 5 electrode layer provided on the first substrate can be controlled, for 
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example, by controlling the orientation state of the liquid crystal 
using an electric field between the transf lective electrode layer 
(transf lective electrode) and the transparent electrode {counter 
electrode) provided on the second substrate. 
5 [0033] Since the twist angle of the liquid crystal is 230 to 

260 decrees, a high contrast ratio, for example, of as high as "10" can 
y» be realized. At the same time, since the minimum and maximum And of the 

liquid crystal are 0.85 Jim or less and 0.70 Urn or more, respectively, a 
SI change in transmittance with the applied voltage of the liquid crystal 

y[jl0 can be made monotonous (i.e., monotonous increase or monotonous 
: : decrease) in a relatively wide operating temperature range, which is 

flj required according to the specifications of the device, permitting 

□ accurate grayscale display. 

[0034] Furthermore, in the transf lective liquid crystal device 

15 in the first aspect, And of the first retardation plate is 150 ± 50 nm 
(i.e., 100 to 200 nm) or 600 ± 50 m (i.e., 550 to 650 nm) , and And of 
the second retardation plate is 550 ± 50 nm (i.e., 500 to 600 nm) , and 
thus the situation that a black display is redden or blued can be 
effectively avoided. In addition, since the angle 91 (i.e., the angle 
2 0 formed by the transmission axis or absorption axis of the polarizer and 
the optical axis of the second retardation plate) is 15 to 35 degrees, 
and the angle 62 (i.e., the angle formed by the optical axis of the 
first retardation plate and the optical axis of the second retardation 
plate) is 60 to 80 degrees, the brightness and contrast ratio can be 
2 5 increased simultaneously, and the use of the two retardation plates 
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permits a high-quality reflective display in which color correction is 
precisely performed in color display or monochromatic display. 

[0035] On the other hand, in the transf lective liquid crystal 

device in the second aspect, And of the first retardation plate is 150 ± 
5 50 nm (i.e., 100 to 200 ran), and And of the second retardation plate is 
610 ± 60 nm (i.e., 550 to 670 nm) , and thus the situation that a black 
display is redden or blued can be effectively avoided. In addition, 
since the angle 01 is 10 to 35 degrees, and the angle 92 is 30 to 60 
degrees, the brightness and contrast ratio can be increased 

10 simultaneously, and the use of the two retardation plates permits a 

high-quality display in which color correction is precisely performed in 
color display or monochromatic display. 

[0036J In an embodiment of the first or second aspect of the 

present invention, in the transf lective liquid crystal device. And of 

15 the liquid crystal is 0.70 to 0.85 jam. 

[0037] In this embodiment, since And of the liquid crystal is 

0.70 to 0.85 |Jm (i.e., the minimum and maximum And of the liquid crystal 
are 0.70 pirn or more and 0.85 Jim or less, respectively), a change in 
transmittance with the applied voltage of the liquid crystal can be 

2 0 easily made monotonous in a wide operating temperature range which is 
required according to the specifications of the device, permitting 
accurate grayscale display. 

[0038] In the transf lective liquid crystal device in the first 

or second aspect of the present invention, particularly, when the 

25 thickness d of the liquid crystal is constant within the image display 
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region or the aperture region of each pixel, good results can be 
obtained under the condition of And of 0.70 to 0.85 fxm. However, for 
example, when the thickness d of the liquid crystal is not constant over 
the entire region of each pixel, it is made difficult or impossible to 
5 set And of the liquid crystal within the range of 0.70 to 0.85 (Jm over 
the entire region of each pixel. In this case, as described above, And 
of the liquid crystal is set so that the minimum is 0.85 (Jm or less, and 
the maximum is 0.70 |irn or more, thereby obtaining practically sufficient 
results. 

10 [0039] In another embodiment of the first or second aspect of 

the present invention, the transf lective liquid crystal device further 
comprises a color filter provided on the liquid crystal side of the 
first or second substrate. 

[0040] In this embodiment, in a reflective display, the 

15 intensity of external light emitted as display light through the liquid 
crystal after reflection by the transf lective electrode layer provided 
on the first substrate can be controlled by controlling the orientation 
state of the liquid crystal using the transf lective electrode layer. 
Since reflected light is reflected through the color filter, a color 

2 0 reflective display can be performed. On the other hand, in a 

transmissive display, the intensity of source light emitted as display 
light through the liquid crystal after transmission through the 
transf lective electrode layer provided on the first substrate can be 
controlled by controlling the orientation state of the liquid crystal 

2 5 using the transf lective electrode layer. Since source light is 
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reflected through the color filter, a color transmissive display can be 
performed. As a result, brightness and the contrast ratio can be 
simultaneously increased, and a high-quality color display with high 
color reproducibility can be performed. 
5 [0041] In still another embodiment of the first or second 

"-=.- aspect of the present invention, in the transf lective liquid crystal 

Jff device, the transf lective electrode layer comprises a reflecting layer 

■=? having slits formed therein. 

rj [0042] In this embodiment, in a reflective display, the 

=10 intensity of external light emitted as display light through the liquid 

C" crystal after reflection by the reflecting electrode can be controlled 

by controlling the orientation state of the liquid crystal using the 
L« reflecting layer having the slits formed therein and provided on the 

first substrate. In a transmissive display, the intensity of source 
15 light emitted as display light through the liquid crystal after 

transmission through the slits can be controlled by controlling the 
orientation state. The reflecting electrode may comprise a metal film, 
for example, of Al (aluminum) . Besides the reflective layer having the 
slits formed therein, for example, reflecting layers separated from each 
2 0 other in a plan view from the direction perpendicular to the second 

substrate so that light can be transmitted through the spaces between 
the respective reflecting layers, or a reflecting layer having a 
plurality of regular or irregular apertures through which light can be 
transmitted can be used as the transf lective electrode layer. 
2 5 [0043] In this embodiment, the width of each of the slits may 
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be 3 to 20 fim. 

[0044] In this construction, a bright display with a high 

contrast can be performed in both reflective and transmissive displays. 

[0045] In a further embodiment of the first or second aspect 

5 of the present invention, in the transf lective liquid crystal device, 

the transf lective electrode layer has a laminated structure comprising a 
transf lective film, a transparent insulating film arranged on the 
transf lective film, and a transparent electrode arranged on the 
insulating film. 

10 [0046] In this embodiment, in a reflective display, the 

intensity of external light emitted as display light through the liquid 
crystal after reflection by the transf lective film can be controlled by 
controlling the orientation state of the liquid crystal using the 
transparent electrode laminated on the transf lective film on the first 

15 substrate. In a transmissive display, the intensity of source light 

emitted as display light through the liquid crystal after transmission 
through the transf lective film and the transparent electrode can be 
controlled by controlling the orientation state. The transparent 
electrode may comprise, for example, an ITO film, and the insulating 

20 film may comprise, for example, silicon oxide as a main component. On 
the other hand, the transf lective film may comprise a metal film of Al 
or the like in which for example, slits or apertures are provided. 

[0047] In a further embodiment of the first or second aspect 

of the present invention, the transf lective liquid crystal device uses a 

2 5 passive matrix driving system in a normally black mode. 
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[0048] In this embodiment, the passive matrix driving system 

in the normally black mode using, for example, a STN liquid crystal, 
enables a high-quality display exhibiting high brightness and contrast 
ratio, and accurate color correction in a color display or monochromatic 
5 display. 

[0049] In a further embodiment of the first or second aspect 

of the present invention, the transf lective liquid crystal device 
further comprises another polarizer arranged between the first substrate 
and the light source, and another retardation plate arranged between the 

10 first substrate and the other polarizer. 

[0050] In this embodiment, when both polarizers are arranged 

so that the transmission axis of the polarizer on the second substrate 
side and the transmission axis of the polarizer on the first substrate 
side have a predetermined relation, in a transmissive display, source 

15 light (transmitted light) emitted from the polarizer on the second 

substrate side can be modulated by a change in the orientation state of 
the liquid crystal with the applied voltage. Furthermore, in a 
transmissive display, color correction can relatively easily be 
performed by the other retardation plate on the second substrate side. 

2 0 [0051] In a further embodiment of the first or second aspect 

of the present invention, in the transf lective liquid crystal device, 
unevenness is formed on the surface of the first substrate opposite to 
the second substrate. 

[0052] In this embodiment, external light reflected through 

2 5 the liquid crystal is reflected by the transf lective electrode layer 
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which is formed on the uneven surface of the substrate to have 
unevenness, whereby optimum reflection properties can be obtained by 
controlling the size and shape of the unevenness, or the like. 
Therefore, a bright high-quality display can be finally obtained. As 
5 the method of forming the unevenness, for example, the method of forming 
an uneven surface of the first substrate, or the method of forming an 
uneven film on the surface of the flat first substrate may be used. 
Furthermore, the transf lective electrode layer may be formed in an 
uneven shape on the flat first substrate. 

10 [0053] In order to achieve the technical object of the present 

invention, an electronic apparatus comprises the reflective liquid 
crystal device in the first or second aspect of the present invention, 
or a transf lective liquid crystal in the first or second aspect of the 
present invention (including the embodiments thereof) . 

15 [0054] The electronic apparatus of the present invention 

enables the realization of various electronic apparatuses such as a 
portable telephone, a wristwatch, an electronic notebook, a personal 
computer, etc., each of which uses a reflective liquid crystal device 
capable of performing reflective display having brightness and high 

2 0 contrast without causing double exposure and display blurring due to 

parallax, or a transf lective liquid crystal device capable of performing 
display by switching a high-contrast reflective display and transmissive 
display . 

[0055] The operation and other advantages of the present 

25 invention will be made clear from the description of the embodiments 
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below. 



Brief Description of the Drawings 

[0056] Fig. 1 is a schematic plan view showing a passive 

matrix driving system reflective liquid crystal device in accordance 
with a first embodiment in the best mode for carrying out the present 
invention, in which a color filter formed on a counter substrate is 
removed for the sake of convenience, as viewed from the counter 
substrate side. 

[0057] Fig. 2 is a schematic sectional view of the reflective 

liquid crystal device including the color filter, taken along line A -A ' 
of Fig. 1. 

[0058] Fig. 3 is a partial perspective view of the reflective 

liquid crystal device of the first embodiment. 

[0059] Fig. 4 is a table showing the parameter settings, 

brightness and contrast ratios in Examples 1 to 6 based on the first 
embodiment . 

[0060] Fig. 5 is a drawing of a substrate surface for 

schematically illustrating an example of a relation between the angles 
set as parameters in the first embodiment. 

[0061] Fig. 6 is a characteristic diagram showing the 

reflectance versus the voltage applied to a liquid crystal in normally 
black mode driving of the first embodiment. 

[0062] Fig. 7 is a table showing the parameter settings, 

brightness and contrast ratios in Examples 7 to 12 based on a second 
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embodiment . 

[0063] Fig. 8 is a sectional view showing a passive matrix 

driving system reflective liquid crystal device in accordance with a 
third embodiment in the best mode for carrying out the present 
5 invention. 

p [0064] Fig. 9 is a sectional view showing a passive matrix 

p3 driving system reflective liquid crystal device in accordance with a 

url fourth embodiment in the best mode for carrying out the present 

Li invention. 

_ '10 [0065] Fig. 10 is a sectional view showing a portion near a 

S5 reflecting electrode of a reflective liquid crystal device in accordance 

with a fifth embodiment in the best mode for carrying out the present 
i™!' invention. 

[0066] Fig. 11 is a plan view of the reflecting electrode of 

15 the fifth embodiment shown in Fig. 10. 

[0067] Fig. 12 is a perspective view of the reflecting 

electrode of the fifth embodiment shown in Fig. 10. 

[0068] Fig. 13 is a sectional view showing a passive matrix 

driving system transf lective liquid crystal device in accordance with a 
2 0 sixth embodiment in the best mode for carrying out the present 
invention . 

[0069] Fig. 14 is a partial perspective view of the 

transf lective liquid crystal device of the sixth embodiment. 

[0070] Fig. 15 is an enlarged plan view showing examples of 

2 5 slits and apertures provided in a transf lective layer of the sixth 
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embodiment . 

[0071] Fig. 16 is a sectional view showing a passive matrix 

driving system transf lective liquid crystal device in accordance with an 
eighth embodiment in the best mode for carrying out the present 
5 invention. 

[0072] Fig. 17 is a sectional view showing a passive matrix 

driving system transf lective liquid crystal device in accordance with a 
ninth embodiment in the best mode for carrying out the present 
invention . 

10 [0073] Fig. 18 is a sectional view showing a portion of a 

transf lective electrode of a transf lective liquid crystal device in 
accordance with a tenth embodiment in the best mode for carrying out the 
present invention. 

[0074] Fig. 19 is a plan view of the transf lective electrode 

15 of the tenth embodiment shown in Fig. 18. 

[0075] Fig. 20 is a perspective view of the transf lective 

electrode of the tenth embodiment shown in Fig. 18. 

[0076] Fig. 21 is a schematic plan view showing a passive 

matrix driving system reflective liquid crystal device in accordance 
2 0 with an eleventh embodiment in the best mode for carrying out the 
present invention. 

[0077] Fig. 22 is a sectional view taken along line A-A ' of 

Fig. 21. 

[0078] Fig. 23 is partial perspective view showing a structure 

2 5 comprising a reflective electrode and a color filter in the reflective 
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liquid crystal device of the eleventh embodiment. 

[0079] Fig. 24 is a drawing showing the appearance of each of 

electronic apparatuses in accordance with a twelfth embodiment in the 
best mode for carrying out the present invention. 

5 

Best Mode for Carrying Out the Invention 
jf= [0080] Embodiments in the best mode for carrying the present 

=--=■: invention will be described in order based on the drawings. 

M [0081] The embodiments of the present invention will be 

'". , 10 described below based on the drawings. 

(First embodiment) 

j [0082] The construction of a reflective liquid crystal device 

2; in accordance with a first embodiment of the present invention is 

r "~" described with reference to Figs. 1 to 3 . In the first embodiment, the 

15 present invention is applied to a passive matrix driving system 

reflective liquid crystal device. Fig. 1 is a schematic plan view 
showing the reflective liquid crystal device in which a color filter 
formed on a counter substrate is removed for the sake of convenience, as 
viewed from the counter substrate side. Fig. 2 is a schematic sectional 

2 0 view of the reflective liquid crystal device including the color filter, 
taken along line A- A' of Fig. 1. Fig. 3 is a partial perspective view 
of the reflective liquid crystal device. Although Fig. 1 schematically 
shows six stripe electrodes each in the longitudinal and transverse 
directions for the sake of convenient description, many electrodes are 

25 actually present. Fig. 2 shows layers and members on different 

25 
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reduction scales in order to make each of the layers and the embodiments 
recognizable. In Fig. 3, the three stripe electrodes each in the 
longitudinal and transverse directions are enlarged. 

[0083] In Figs. 1 to 3, the reflective liquid crystal device 

5 of the first embodiment comprises a first substrate 10, a second 

transparent substrate 2 0 opposed to the first substrate 10, a liquid 
crystal layer 50 held between the first substrate 10 and the second 
substrate 20, a plurality of stripe reflecting electrodes 14 arranged on 
the side (i.e., the upper surface in Fig. 2) of the first substrate 10 

10 opposite to the second substrate 20, and an alignment film 15 arranged 
on the reflecting electrodes 14. The reflective liquid crystal device 
further comprises a color filter 23 arranged on the side (i.e., the 
lower surface in Fig. 2) of the second substrate opposite to the first 
substrate 10, a color filter planarizing film 24 arranged on the color 

15 filter 23, a plurality of stripe transparent electrodes 21 arranged on 
the color filter planarizing film 24 to cross the reflecting electrodes 
14, and an alignment film 25 arranged on the transparent electrodes 21. 
The color filter 23 may be formed between the reflecting electrodes 14 
and the first substrate 10. Also, the color filter 23 comprises RGB 

2 0 (red, green, blue) color portions which are arranged in respective 
pixels in the predetermined order in correspondence with the plane 
regions at the intersections of the reflecting electrodes 14 and the 
transparent electrodes 21 (refer to Fig. 3) . 

[0084] The first substrate 10 and the second substrate 20 are 

2 5 bonded together with a sealing agent 31 provided in the periphery of the 
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liquid crystal layer 50 (refer to Figs. 1 and 2), and the liquid crystal 
layer 50 is sealed between the first substrate 10 and the second 
substrate 20 by the sealing agent 31 and a sealant 32. The reflective 
liquid crystal device further comprises a polarizer 105, a first 
5 retardation plate 106 and a second retardation plate 116, which are 
provided on the side of the second substrate 20, which is opposite to 
d the liquid crystal layer 50 side thereof. 

[0085] Since the first substrate 10 is not required to have 

'4J transparency, for example, a quartz substrate, a semiconductor 

H=10 substrate, can be used. However, the second substrate 20 is required 
5 to be transparent or at least translucent to visible light, and for 

fj1 example, a glass substrate, a quartz substrate, can be thus used. 

[0086] Each of the reflecting electrodes 14 comprises a 

L-! reflecting film composed of, for example, Al as a main component, and is 

15 formed by vapor deposition, sputtering, or the like. On the other hand, 
each of the transparent electrodes 21 comprises a transparent conductive 
thin film, for example, such as an ITO film . 

[0087] Each of the alignment films 15 and 25 comprises an 

organic thin film such as a polyimide thin film , and is formed by spin 
2 0 coating or flexo printing, and subjected to predetermined orientation 
treatment such as rubbing . 

[0088] With no electric field applied between the reflecting 

electrodes 14 and the transparent electrodes 21, the liquid crystal 
layer 50 assumes a predetermined orientation state by means of the 
25 alignment films 15 and 25. For example, the liquid crystal layer 50 
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comprises a STN liquid crystal comprising a nematic liquid crystal or a 
mixture of several nematic liquid crystals. 

[0089] The sealing agent 31 comprises an adhesive composed of, 

for example, a photosetting resin or thermosetting resin. Particularly, 
5 in the reflective liquid crystal device of a small size having a 

diagonal of several inches or less, a gap material (spacer) such as 
glass fibers, glass beads, is mixed in the sealing material, for 
setting the space between both substrates to a predetermined value. 
However, in the reflective liquid crystal device of a large size having 

10 a diagonal of several inches to 10 inches or more, such a gap material 

may be mixed in the liquid crystal layer 50. The sealant 32 comprises a 
resin adhesive for sealing an inlet of the sealing material 32 after the 
liquid crystal is injected under vacuum through the inlet. 

[0090] The color filter 23 comprises coloring material films 

15 which respectively transmit blue (B) , green (G) and red (R) lights, and 
which are respectively arranged in the pixels to have a delta 
arrangement, a stripe arrangement, a mosaic arrangement, a triangle 
arrangement, or the like. Furthermore, a light shielding film referred 
to as a "black mask" or "black matrix" is formed in the boundaries 

20 between the respective pixels to prevent color mixing between the 
respective pixels. 

[0091] Although not shown in Figs. 1 and 2, a frame made of 

the same material as or a different material from the light shielding 
film in the color filter 23 is formed in parallel with the inside of the 

2 5 sealing material 52 to define the image display region. The frame may 
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be formed on one or both of the second substrate 20 and the first 
substrate 10. Alternatively, the frame may be defined by the edge of a 
light shielding case in which the reflective liquid crystal device is 
contained . 

5 [0092] In the first embodiment, particularly, the twist angle 

0t of the liquid crystal layer 5 0 comprising a STN liquid crystal is 
limited to 23 0 to 2 60 degrees, and the minimum and maximum And (the 
product of optical anisotropy An and thickness d) of the liquid crystal 
are 0.85 |Jm or less and 0.70 fjm or more, respectively (however, it is 

10 needless to say that the minimum is set to be lower than the maximum) . 
The twist angle 9t can be defined with high precision by the direction 
of rubbing of the alignment film 15 and the alignment film 25. The 
first retardation plate 106 has a And of 150 ± 50 nm or 600 ± 50 nm, and 
the second retardation plate 116 has a And of 550 ± 50 nm. The angle 61 

15 formed by the transmission or absorption axis of the polarizer 105 and 
the optical axis of the second retardation plate 116 is 15 to 35 
degrees, and the angle 92 formed by the optical axis of the first 
retardation plate 106 and the optical axis of the second retardation 
plate 116 is 60 to 80 degrees. Therefore, in the reflective liquid 

20 crystal device of the first embodiment, the reflectance for light near a 
wavelength of 550 nm is increased to permit a reflective color display 
with brightness and high contrast. Furthermore, the use of the two 
retardation plates enables accurate and easy color correction, and 
particularly a beautiful black display or white display (i.e., a black 

25 display or white display causing no redness, blueness or greenness) . 
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[0093] Furthermore, since the minimum and maximum And of the 

liquid crystal are 0.85 pm or less and 0.7 0 pim or more, respectively, a 
change in transmittance with the applied voltage of the liquid crystal 
device can be made monotonous (for example, monotonous increase in a 
5 normally black mode, and monotonous decrease in a normally white mode) 
in a relatively wide operating temperature range which is required 
J according to the specifications of the device, thereby permitting 

m accurate color grayscale display. Although, in this embodiment, the 

SJ minimum and maximum And of the liquid crystal are 0.85 |um or less and 

glO 0.70 pm or more, respectively, the And of the liquid crystal may be 
Jl simply set to 0.70 yxn to 0.85 \xm because of the flat uppermost surfaces 

jr. (i.e., the surface of the alignment film 15 or the reflecting electrodes 

g 14 provided below it) of both substrates, which define the thickness of 

M= the liquid crystal. On the other hand, when unevenness is formed on the 

15 uppermost surfaces of both substrates, which define the thickness of the 
liquid crystal, as described in the embodiments below (refer to third 
and fourth embodiments), it is made difficult or impossible to set the 
And of the liquid crystal to 0.70 )Jm to 0.85 over the entire region 
of each pixel. In this case, as described above. And of the liquid 
20 crystal may be set so that the minimum and maximum are 0.85 pim or less 
and 0.7 0 |Ltm or more, respectively. 

[0094] Next, the operation of the reflective liquid crystal 

device of the first embodiment constructed as described above is 
described with reference to Fig. 2. The reflective liquid crystal 
25 device is driven in a passive matrix driving system in a normally black 
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mode . 

[0095] In Fig. 2, external light incident on the polarizer 105 

side (i.e., the upper side in Fig. 2) is reflected by the reflecting 
electrodes 14 provided on the first substrate 10 through the polarizer 
105, the second transparent substrate 20, and the liquid crystal layer 
50, and again emitted from the polarizer 105 through the liquid crystal 
layer 50, the second transparent substrate 20, and the polarizer 105. 
When an image signal and scanning signal are supplied to the reflecting 
electrodes 14 and the transparent electrodes 21 from an external circuit 
with predetermined timing, an electric field is successively applied to 
the portions of the liquid crystal layer 5 0 at the intersections of the 
reflecting electrodes 14 and the transparent electrodes 21 for each 
line, each column or each pixel. Therefore, the orientation state of 
the liquid crystal layer 50 can be controlled in pixels by the applied 
voltage to modulate the quantity of light transmitted through the 
polarizer 105 having the fixed transmission axis and absorption axis in 
pixels, thereby permitting color grayscale display. 

[0096] In this embodiment, the presence of the transparent 

substrate between the liquid crystal layer and the reflector prevents 
the occurrence of double exposure, display blurring, or the like to 
obtain sufficient coloring even in a color display, as compared with a 
conventional reflective liquid crystal device in which light is 
reflected by a reflector provided on the outside of the first substrate. 
Furthermore, in this embodiment, external light is reflected by the 
reflecting electrodes 14 on the upper surface of the first substrate 10, 
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thereby decreasing parallax in a display image by an amount 
corresponding to a decrease in the optical path and improve the 
brightness of the display image. Particularly, since the twist angle 8t 
of the liquid crystal layer 50, the angles 91 and 92, And of the liquid 
crystal, And of the first retardation plate 106 and And of the second 
retardation plate 116 lie in the above-described ranges, a color display 
having brightness and high contrast can be realized in the normally 
black mode . 

[0097] In the above-described first embodiment, driving LSI 

comprising a data line driving circuit and a scanning line driving 
circuit mounted, for example, on a TAB (Tape Automated Bonding) 
substrate may be electrically and mechanically connected, through an 
anisotropic conductive film, to the terminals of the reflecting 
electrodes 14, which are led to the terminal portion of the first 
substrate 10, and the terminals of the transparent electrodes 21, which 
are led to the terminal portion of the second substrate 20, for 
supplying an image signal and scanning signal to the reflecting 
electrodes 14 and the transparent electrodes 21 with predetermined 
timing. Alternatively, the data line driving circuit and the scanning 
line driving circuit may be formed on the peripheral region of the first 
substrate 10 or second substrate 20 outside the sealing agent 31 to form 
a reflective liquid crystal with so-called built-in driving circuits. 
Furthermore, in order to inspect the quality, defects, etc. of the 
liquid crystal device in the course of manufacturing or at the time of 
shipping, an inspection circuit or the like may be formed to form a 



32 



reflective liquid crystal with so-called built-in peripheral circuits. 

[0098] In the first embodiment, besides the passive matrix 

driving system, various known driving systems such as a TFT (Thin Film 
Transistor) active matrix driving system, a TFD (Thin Film Diode) active 
5 matrix driving system, a segment driving system, can be used. In 

addition, a plurality of stripe or segment transparent electrodes is 
formed on the second substrate 20, or a transparent electrode is formed 
; over substantially the entire surface of the second substrate 20 

according to the driving system. Alternatively, driving may be 
'^10 performed by using transverse electric fields parallel to the first 

substrate 10, which are produced between the adjacent reflecting 
■ ; electrodes 14 on the first substrate 10, instead of providing the 

■:/■ counter electrode on the second substrate 20. Besides the normally 

black mode, the normally white mode may be utilized. Furthermore, micro 
15 lenses may be formed on the second substrate 10 in one-to-one 

correspondence with pixels. In this case, a bright liquid crystal 
device can be realized by improving the converging efficiency of 
incident light. Furthermore, many interference layers having different 
refractive indexes may be formed on the second substrate 20 to form a 
2 0 dichroic filter using light interference for creating RGB colors. The 
counter substrate with the dichroic filter can realize a brighter color 
liquid crystal device. 

[0099] In the first embodiment shown in Fig. 2, each of the 

reflecting electrodes 14 comprises a single layer composed of Al as a 
2 5 main component, and thus reflectance can be improved by a relatively 
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simple manufacturing process at relatively low cost. However, even when 
another metal such as Ag (silver) , Cr (chromium) is used as the main 
component of the reflecting electrodes 14, the same effect as the above- 
described first embodiment can be obtained. 
5 [00100] Examples based on the first embodiment are described 

below with reference to Figs. 4 to 6 . Fig. 4 is a table showing the 
14J twist angle 0t of the liquid crystal layer 50, And of the liquid crystal 

ps layer 50, retardation And of the second retardation plate 116 

HI (represented by R2 And in the table of Fig. 4, wherein An represents the 

CP-O optical anisotropy of the retardation plate, and d represents the 
O thickness of the retardation plate) , retardation And of the first 

f|j retardation plate 10 6 (represented by Rl And in the table of Fig. 4) , 

Q the angles 81 and 02, and brightness (reflectance) and contrast ratio in 

a reflective display in each of Examples 1 to 6 . 
15 [00101] In Examples 1 to 3 , driving is performed in the 

normally black mode with 1/120 duty and 1/13 bias, while in Examples 4 
to 6, driving is performed in the normally black mode with 1/240 duty 
and 1/13 bias. 

[00102] For example, when the direction Al of the absorption 

2 0 axis of the polarizer 105, the direction A2 of the lag axis of the 

second retardation plate 116, the direction A3 of the lag axis of the 
first retardation plate 106, the rubbing direction A4 of the alignment 
film 25, and the rubbing direction A5 of the alignment film 15 are set 
in this order from the incidence side according to the settings of the 
2 5 angles 81, 62 and 0t in each of the examples, as shown in Fig. 5, a high 
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reflectance (about 24 to 32%) and a high contrast ratio (about 11 to 19) 
can be obtained. In Fig. 5, the x direction is the direction 
(transverse direction) of extension of the stripe reflecting electrodes 
14, and the y direction is the direction (longitudinal direction) of 
5 extension of the stripe transparent electrodes 21. 

[00103] Furthermore, when the reflective liquid crystal device 

j^- having the above parameter settings is driven in the normally black mode 

with 1/120 duty and 1/13 bias, a characteristic is obtained, in which 
the reflectance monotonously increases from about 0% to the maximum of 
==10 about 60% as the applied voltage of the liquid crystal increases to 
about 2.0 to 2.2 V, as shown in Fig. 6. 

[00104] Figs. 4 to 6 indicate that in each of Examples 1 to 6 

in which the twist angle 6t of the liquid crystal layer 50, And of the 
liquid crystal layer 50, R2 And of the second retardation plate 116, Rl 
15 And of the first retardation plate 106, and the angles 91 and 62 are set 
according to the first embodiment, a reflectance of as high as 2 0% or 
more can be obtained to achieve a reflective display having high visual 
brightness. At the same time, a contrast of as high as 10 or more can 
be obtained, and a high-quality grayscale display can be obtained due to 
2 0 a sufficient increase in reflectance with the liquid crystal applied 
voltage . 

[00105] In various embodiments including this embodiment, each 
of the first retardation plate 106 and the second retardation plate 116 
preferably comprises a biaxial retardation plate and satisfies the 
2 5 condition Nx > Nz > Ny (wherein Nx: refractive index in the X axis 
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direction, Nz : refractive index in the Z axis direction, Ny: refractive 
index in the Y axis direction) . This construction can widen the field 
of vision. However, even when each of the first retardation plate 106 
and the second retardation plate 116 comprises a uniaxial retardation 
5 plate, the advantages of the first embodiment can be obtained. 
(Second embodiment) 

[00106] A reflective liquid crystal device in accordance with a 
second embodiment of the present invention is described with reference 
to Fig. 7. The second embodiment of the present invention is different 
__10 from the first embodiment in the parameter settings of the first 
retardation plate 106, the second retardation plate 116, and the 
polarizer 105, and the other components and operations are the same as 
the first embodiment shown in Figs. 1 to 3 . 

[00107] Namely, like in the first embodiment, in the second 
15 embodiment, the twist angle 6t of the liquid crystal layer 50 comprising 
a STN liquid crystal is limited to 230 to 260 degrees, the minimum and 
maximum And of the liquid crystal layer 50 are 0.85 im or less and 0.70 
jam or more, respectively. 

[00108] Unlike in the first embodiment, in the second 
2 0 embodiment, And of the first retardation plate 106 is 150 ± 50 nm. And 
of the second retardation plate 116 is 610 ± 60 nm, the angle 61 formed 
by the transmission axis or absorption axis of the polarizer 105 and the 
optical axis of the second retardation plate 116 is 10 to 35 degrees, 
and the angle 62 formed by the optical axis of the first retardation 
25 plate 106 and the optical axis of the second retardation plate 116 is 30 
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to 6 0 degrees. Therefore, in the reflective liquid crystal device of 
the second embodiment, reflectance for light near the wavelength of 550 
nm is increased to permit a bright reflective color display having high 
contrast. Furthermore, by using the two retardation plates, color 
5 correction can be easily and precisely performed, and a beautiful black 
display or while display (a black or while display without substantially 
no redness, blueness, greenness, or the like) can be obtained. 

[00109] Like in the first embodiment, in the second embodiment, 
since the minimum and maximum And of the liquid crystal layer 5 0 are 

10 0.85 nm or less and 0.70 (Jin or more, respectively, a change in 

transmittance with the applied voltage of the liquid crystal can be made 
monotonous in a relatively wide operating temperature range, which is 
required according to the specifications of the device, permitting 
accurate color grayscale display. 

15 [00110] Examples based on the second embodiment are described 

below with reference to Fig. 7. Fig. 7 is a table showing the twist 
angle 6t of the liquid crystal layer 50, And of the liquid crystal layer 
50, And of the second retardation plate 116 (represented by R2 And in 
the table of Fig. 3), retardation And of the first retardation plate 106 

2 0 (represented by Rl And in the table of Fig. 3), the angles 61 and 02, 

and brightness (reflectance) and contrast ratio in reflective display in 
each of Examples 7 to 12. In Examples 7 to 12 shown in Fig. 7, driving 
is performed in the normally black mode with 1/120 duty and 1/13 bias. 
[00111] Fig. 7 indicates that in each of Examples 7 to 12 in 

2 5 which the twist angle 9t of the liquid crystal layer 50, And of the 
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liquid crystal layer 50, R2 And of the second retardation plate 116, Rl 
And of the first retardation plate 10 6, and the angles 01 and 62 are set 
according to the second embodiment, a reflectance of as high as 30% or 
more can be obtained. Namely, a reflective display having high visual 
brightness can be obtained. At the same time, a display with a contrast 
of as high as 10 or more can be obtained. 
(Third embodiment) 

[00112] A reflective liquid crystal device in accordance with a 
third embodiment of the present invention is described with reference to 
Fig. 8. In the third embodiment shown in Fig. 8, the same components as 
the first embodiment shown in Figs. 1 to 3 are denoted by the same 
reference numerals as the first embodiment, and description thereof is 
omitted. 

[00113] The third embodiment is different from the first or 
second embodiment in that unevenness is formed on the surface of the 
first substrate 10 to accordingly form unevenness on the reflecting 
electrodes 14 and the alignment film 15, and the thickness d of the 
liquid crystal layer 50 in each pixel slightly changes with position. 
The other components of the third embodiment are the same as the first 
or second embodiment . 

[00114] Therefore, the third embodiment comprises a first 
substrate 10' having an uneven surface so that each of the reflecting 
electrodes 14 has an uneven surface facing the liquid crystal layer 5 0 
and thus has a scattering surface (white surface) without a feel of 
mirror surface. Also, the angle of view can be widened by scattering 
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due to the unevenness. The unevenness can relatively easily be formed 
by roughening the substrate with hydrofluoric acid. Like in the first 
or second embodiment, in the third embodiment, the minimum (value at a 
convex) and maximum (value at a concave) And of the liquid crystal layer 
50 are 0.85 pm or less and 0.70 urn or more, respectively. From the 
viewpoint of prevention of defective orientation of the liquid crystal, 
it is preferable to form a transparent planarizing film on the uneven 
surfaces of the reflecting electrodes 14 to planarize the surface (the 
surface on which the alignment film 15 is formed) facing the liquid 
crystal layer 50. 
(Fourth embodiment) 

[00115] A reflective liquid crystal device in accordance with a 
fourth embodiment of the present invention is described with reference 
to Fig. 9. In the fourth embodiment shown in Fig. 9, the same 
components as the first embodiment shown in Figs. 1 to 3 are denoted by 
the same reference numerals as the first embodiment, and description 
thereof is omitted. 

[00116] The fourth embodiment is different from the first or 
second embodiment in that an uneven film is formed on the surface of the 
first substrate 10 to accordingly form unevenness on the reflecting 
electrodes 14 and the alignment film 15, and the thickness d of the 
liquid crystal layer 5 0 in each pixel slightly changes with position. 
The other components of the third embodiment are the same as the first 
or second embodiment . 

[00117] Therefore, the fourth embodiment comprises an uneven 



film lOu formed on the first substrate 10 so that like in the third 
embodiment, each of the reflecting electrodes 14 has an uneven surface 
facing the liquid crystal layer 50 and thus has a scattering surface 
(white surface) without a feel of mirror surface. Also, the angle of 
view can be widened by scattering due to the unevenness . The uneven 
film lOu can relatively easily be formed by laminating a photosensitive 
acrylic resin or the like below the reflecting electrodes 14. 
(Fifth embodiment) 

[00118] A reflective liquid crystal device in accordance with a 
fifth embodiment of the present invention is described with reference to 
Figs. 10 to 12. Fig. 10 is a sectional view showing the laminated 
structure of reflecting electrodes 14' of the fifth embodiment, and 
Figs. 11 and 12 are a plane and a perspective view, respectively, of the 
same. In the fifth embodiment shown in Figs. 10 to 12, the same 
components as the first embodiment shown in Figs . 1 to 3 are denoted by 
the same reference numerals as the first embodiment, and description 
thereof is omitted. 

[00119] As shown in Figs. 10 to 12, in the fifth embodiment, 
each of the reflecting electrodes 14 1 has a laminated structure 
comprising a stripe reflecting film 141, a transparent insulating film 
142 arranged on the reflecting film 141, and a stripe transparent 
electrode 143 arranged on the insulating film 142 instead of the 
reflecting electrodes 14 each comprising a single layer in the first to 
fourth embodiments . The other components are the same as any one of the 
first to fourth embodiments. In this construction, the intensity of 



external light emitted as display light through the liquid crystal layer 
50 after reflection by the reflecting films 141 comprising an Al film or 
the like can be controlled by controlling the orientation state of the 
liquid crystal layer 50 using the transparent electrodes 143 comprising 
an ITO film or the like and laminated on the first substrate 10. In 
this case, each of the insulating films 142 comprises, for example, 
silicon oxide as a main component. 
(Sixth embodiment) 

[00120] A transf lective liquid crystal device in accordance 
with a sixth embodiment of the present invention is described with 
reference to Figs. 13 to 15. In the sixth embodiment, the present 
invention is applied to a transf lective liquid crystal device. Fig. 13 
is a schematic sectional view showing the construction of the second 
embodiment, in which the same components as the first embodiment shown 
in Fig. 2 are denoted by the same reference numerals as the first 
embodiment, and description thereof is omitted. 

[00121] In Figs. 13 and 14, the transf lective liquid crystal 
device of the sixth embodiment comprises transf lective electrodes 214 
provided in place of the reflecting electrodes 14 in the first 
embodiment, and a polarizer 107 and a retardation plate 108 which are 
provided on the side of the first substrate 10 opposite to the liquid 
crystal layer 5 0 side thereof, and which are added to the construction 
of the first embodiment. The transf lective liquid crystal device 
further comprises a fluorescent tube 119 and a light guide plate 118 for 
guiding light from the fluorescent tube 119 into the liquid crystal 



panel through the polarizer 107, both of which are provided outside the 
polarizer 107. The other components are the same as the first 
embodiment . 

[00122] Each of the transf lective electrodes 214 comprises a 
metal such as Ag, Al, and has a slit or aperture. Therefore, the 
transf lective electrodes 214 reflect light incident on the second 
substrate 20 side and transmit source light incident on the first 
substrate 10 side. 

[00123] Examples of the slit or aperture of the transf lective 
electrodes 214 will be described below with reference to Fig. 15. 

[00124] As shown in Fig. 15(a), four rectangular slots may be 
arranged at the four corners of each pixel, or as shown in Fig. 15(b), 
five rectangular slots may be arranged in parallel in the transverse 
direction in each pixel. Alternatively, as shown in Fig. 15(c), many 
circular apertures (for example, an aperture having a diameter of 2 \m) 
may be dispersed in each pixel, or as shown in Fig. 15(d), a relatively 
large rectangular slot may be arranged in each pixel. Such apertures 
can be easily formed by a photo step using resist/development 
step/separation step. The planar shape of the apertures is not only the 
shape shown in the drawing but also a square shape, a polygonal shape, 
an elliptical shape, an irregular shape, or a slit shape extending over 
a plurality of pixels. The apertures can be formed at the same time as 
the formation of the reflecting layer, without increasing the number of 
the manufacturing steps. Particularly, in the slit shown in Fig. 15(a), 
(b) or (d) , the width of the slit is preferably about 3 to 20 pirn. In 



this construction, a bright display with high contrast can be performed 
in both reflective and transmissive displays. Besides such slits or 
apertures, for example, the single-layer transf lective electrodes 214 
may be provided, which are separated in a plan view, as viewed from the 
5 direction vertical to the second substrate 20, so that light is 

transmitted through the spaces between the transf lective electrodes 214. 

[00125] Returning to Fig. 13, the light guide plate 118 which 

constitutes a back light together with the fluorescent tube 119 
comprises a transparent material such as an acrylic resin plate or the 
10 like which has a roughened surface formed over the back surface for 

scattering, or a scattering printed layer formed thereon, so that light 
of the fluorescent tube 119 serving as a light source is incident on the 
end surface of the light guide plate 118 and uniformly emitted from the 
upper side thereof shown in Fig. 13. 
15 [00126] As the light source turned on in the transmissive 

display, a LED (Light Emitting Diode) element, an EL {Electro- 
Luminescence) element, or the like is suitable for a small liquid 
crystal device, and the fluorescent tube 119 which introduces light into 
a device from the side thereof through a light guide plate is suitable 
20 for a large liquid crystal device. Furthermore, a reflecting polarizer 
may be provided between the first substrate 10 and the light guide plate 
118, for effectively utilizing light. 

[00127] In this way, in the sixth embodiment, the polarizer 

105, the first retardation plate 106 and the second retardation plate 
2 5 116 are provided above the liquid crystal cell, and the polarizer 107 



43 



and the retardation plate 108 are provided below the liquid crystal 
cell, thereby permitting good display control in both the reflective and 
transmissive displays. Specifically, the first retardation plate 106 
and the second retardation plate 116 decrease the influence of coloring 
on a color tone due to wavelength dispersion of light in the reflective 
display (i.e., optimize a display in the reflective display using the 
first retardation plate 106 and the second retardation plate 116), and 
the retardation plate 108 decreases the influence of coloring on a color 
tone due to wavelength dispersion of light in the transmissive display 
(i.e., further optimize a display in the transmissive display using the 
retardation plate 108 under conditions in which a display is optimized 
in the reflective display using the first retardation plate 10 6 and the 
second retardation plate 116) . With respect to the retardation plates, 
a plurality of retardation plates or at least three retardation plates 
can be arranged for color compensation or visual angle compensation of 
the liquid crystal cell. By using a plurality of retardation plates, 
color compensation or visual angle compensation can be easily optimized. 

[00128] Furthermore, the optical characteristics of the 
polarizer 105, the first retardation plate 106, the second retardation 
plate 116, the liquid crystal layer 5 0 and the transf lective electrodes 
214 are set to increase the contrast of the reflective display, and 
under these conditions, the optical characteristics of the polarizer 107 
and the retardation plate 108 are set to increase the contrast of the 
transmissive display, thereby obtaining a high contrast property in both 
the reflective and transmissive displays. For example, the optical 
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properties of the polarizer 105, the first retardation plate 106, the 
second retardation plate 116, the liquid crystal layer 50 and the 
transf lective electrodes 214 are set so that the reflective display is 
performed under the following conditions. External light passes through 
5 the polarizer 105 to become linearly polarized light, and then passes 
through the retardation plate 106 and the liquid crystal layer 50 with 
no voltage applied (a dark display state) to become right-handed 
circularly polarized light and reach the transf lective electrodes 214. 
The light is then reflected by the transf lective electrodes 214 to 

10 travel in the opposite direction and to be converted to left-handed 

circularly polarized light, and again passes through the liquid crystal 
layer 5 0 with no voltage applied thereto to be converted to linearly 
polarized light and absorbed by the polarizer 105 (i.e., a dark state). 
At this time, external light passing through the liquid crystal layer 50 

15 with the voltage applied thereto (a bright display state) passes through 
the liquid crystal layer 50 without any change, and is reflected by the 
transf lective electrodes 214 to be emitted from the polarizer 105 (i.e., 
a bright state) . On the other hand, in the transmissive display, the 
optical properties of the polarizer 107 and the retardation plate 108 

2 0 are set so that source light emitted from the back light and transmitted 
through the transf lective electrodes 214 through the polarizer 107 and 
the retardation plate 108 becomes the same as left-handed circularly 
polarized light which is reflected by the transf lective electrodes 214 
in the reflective display. Although the light source and the optical 

2 5 path are different from the reflective display, like the external light 
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reflected by the transf lective electrodes 214 in the reflective display, 
the source light transmitted through the transf lective electrodes 214 in 
the transmissive display passes through the liquid crystal layer 50 with 
no voltage applied thereto (a dark display state) to be converted to 
5 linearly polarized light and absorbed by the polarizer 105 (i.e., a dark 
state) . At this time, light passing through the liquid crystal layer 50 
with the voltage applied thereto (a bright display state) passes through 
the liquid crystal layer 50 without any change, and is emitted from the 
polarizer 105 through the liquid crystal layer 50 (i.e., a bright 
10 state) . 

[00129] As described above, the liquid crystal device of this 
embodiment comprises the polarizer 105, the first retardation plate 106, 
the second retardation plate 116, the polarizer 107 and the retardation 
plate 108, thereby the achievement of good color compensation and high 
15 contrast property in both the reflective and transmissive displays. The 
optical characteristics can be set experimentally or theoretically or by 
simulation or the like so as to obtain brightness and contrast ratio 
which are required according to the specifications of the liquid crystal 
device . 

20 [00130] In the sixth embodiment, particularly, the twist angle 

9t of the liquid crystal layer 50 comprising a STN liquid crystal is 
limited to 230 to 2 60 degrees, and the minimum and maximum And of the 
liquid crystal are 0.85 um or less and 0.70 |im or more, respectively. 
The twist angle 8t can be defined with high precision by the direction 

25 of rubbing of the alignment film 15 and the alignment film 25. The 



46 



first retardation plate 106 has a And of 150 ± 50 nm or 600 ± 50 nm, and 
the second retardation plate 116 has a And of 550 ± 50 nm. The angle 91 
formed by the transmission or absorption axis of the polarizer 105 and 
the optical axis of the second retardation plate 116 is 15 to 35 
5 degrees, and the angle 62 formed by the optical axis of the first 

retardation plate 106 and the optical axis of the second retardation 
plate 116 is 60 to 80 degrees. Therefore, in the transf lective liquid 
crystal device of the sixth embodiment, the reflectance for light near a 
wavelength of 550 nm is increased to permit a reflective color display 
10 with brightness and high contrast. Furthermore, the use of the two 
retardation plates enables accurate and easy color correction, and 
particularly a beautiful black display or white display (i.e., a black 
display or white display causing no redness, blueness or greenness) . 

[00131] Furthermore, since the minimum and maximum And of the 
15 liquid crystal are 0.85 (am or less and 0.70 \xm or more, respectively, a 
change in transmittance with the applied voltage of the liquid crystal 
device can be made monotonous in a relatively wide operating temperature 
range which is required according to the specifications of the device, 
thereby permitting accurate color grayscale display. Although, in this 
2 0 embodiment, the minimum and maximum And of the liquid crystal are 0.85 
pirn or less and 0.70 Mm or more, respectively, the And of the liquid 
crystal may be simply set to 0.70 Jim to 0.85 \tm because of the flat 
uppermost surfaces (i.e., the surface of the alignment film 15 or the 
reflecting electrodes 14 provided below it) of both substrates, which 
25 define the thickness of the liquid crystal. On the other hand, when 
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unevenness is formed on the uppermost surfaces of both substrates, which 
define the thickness of the liquid crystal, as described in the 
embodiments below (refer to eighth and ninth embodiments), it is made 
difficult or impossible to set the And of the liquid crystal to 0.70 um 
5 to 0.85 um over the entire region of each pixel. In this case, as 
described above, And of the liquid crystal may be set so that the 
minimum and maximum are 0.85 um or less and 0.70 um or more, 
respectively. 

[00132] Next, the operation of the transf lective liquid crystal 
10 device of the sixth embodiment constructed as described above is 

described with reference to Fig. 13. The transf lective liquid crystal 
device is driven in a passive matrix driving system in the normally 
black mode . 

[00133] The reflective display is first described. 

15 [00134] Like in the first embodiment, in the embodiment shown 

in Fig. 13, external light incident on the polarizer 105 side (i.e., the 
upper side shown in Fig. 13) is reflected by the transf lective 
electrodes 214 provided on the first substrate 10 through the polarizer 
10 5, the second transparent substrate 20, and the liquid crystal layer 

2 0 50, and again emitted from the polarizer 105 side through the liquid 

crystal layer 50, the second transparent substrate 20, and the polarizer 
105. When an image signal and scanning signal are supplied to the 
transf lective electrodes 214 and the transparent electrodes 21 from an 
external circuit with predetermined timing, an electric field is 

2 5 successively applied to the portions of the liquid crystal layer 50 at 
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the intersections of the transf lective electrodes 214 and the 
transparent electrodes 21 for each line, each column or each pixel. 
Therefore, the orientation state of the liquid crystal layer 50 can be 
controlled in pixels by the applied voltage to modulate the quantity of 
5 light transmitted through the polarizer 105, thereby permitting color 
grayscale display. 

[00135] In this embodiment, in a reflective display, the 

presence of the transparent substrate between the liquid crystal layer 
and the reflector prevents the occurrence of double exposure, display 

10 blurring, or the like to obtain sufficient coloring even in a color 
display, as compared with a conventional reflective liquid crystal 
device in which light is reflected by a reflector provided on the 
outside of the first substrate. Furthermore, in this embodiment, 
external light is reflected by the transf lective electrodes 214 on the 

15 upper surface of the first substrate 10, thereby decreasing parallax in 
a display image by an amount corresponding to a decrease in the optical 
path and improve the brightness of the display image. Particularly, 
since the twist angle 6t of the liquid crystal layer 50, the angles 61 
and 92, And of the liquid crystal layer 50, And of the first retardation 

20 106 and And of the second retardation 116 lie in the above-described 
ranges, a color display having brightness and high contrast can be 
realized in the normally black mode. 

[00136] The transmissive display is next described. 

[00137] In this case, in Fig. 13, source light incident on the 

25 lower side of the first substrate 10 through the polarizer 107 passes 
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through the apertures of the transf lective electrodes 214 and is emitted 
from the polarizer 105 side through the liquid crystal layer 50, the 
second substrate 20 and the polarizer 105. When an image signal and 
scanning signal are supplied to the transf lective electrodes 214 and the 
5 transparent electrodes 21 from an external circuit with predetermined 

timing, an electric field is successively applied to the portions of the 
liquid crystal layer 50 at the intersections of the transf lective 
electrodes 214 and the transparent electrodes 21 for each line, each 
column, or each pixel. Therefore, the orientation state of the liquid 

10 crystal layer 50 can be controlled in pixels to modulate the source 
light, thereby permitting color grayscale display. 

[00138] Like in the first embodiment, in the above -de scribed 
sixth embodiment, driving LSI comprising a data line driving circuit and 
a scanning line driving circuit mounted, for example, on a TAB (Tape 

15 Automated Bonding) substrate may be electrically and mechanically 

connected, through an anisotropic conductive film, to the terminals of 
the transf lective electrodes 214, which are led to the terminal portion 
of the first substrate 10, and the terminals of the transparent 
electrodes 21, which are led to the terminal portion of the second 

2 0 substrate 20. Alternatively, a transf lective liquid crystal with so- 
called built-in driving circuits may be formed. Furthermore, an 
inspection circuit or the like may be formed to form a transf lective 
liquid crystal with so-called built-in peripheral circuits. Each of the 
first retardation plate 106 and the second retardation plate 116 may 

2 5 comprise a biaxial retardation plate or a uniaxial retardation plate. 
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[00139] Like in the first embodiment, in the sixth embodiment, 
besides the passive matrix driving system, various known driving systems 
such as a TFT (Thin Film Transistor) active matrix driving system, a TFD 
(Thin Film Diode) active matrix driving system, a segment driving system 
5 can be used. In addition, a plurality of stripe or segment transparent 
electrodes is formed on the second substrate 20, or a transparent 
electrode is formed over substantially the entire surface of the second 
substrate 20 according to the driving system. Alternatively, driving 
may be performed by using transverse electric fields parallel to the 

10 first substrate 10, which are produced between the adjacent reflecting 
electrodes 14 on the first substrate 10, instead of providing the 
counter electrode on the second substrate 20. Besides the normally 
black mode, the normally white mode may be utilized. Since, in many 
cases, the liquid crystal cell has different voltage-reflectance 

15 (transmittance) characteristics in the reflective and transmissive 
displays, the driving voltages in the reflective display and the 
transmissive display are preferably different in order to optimize each 
of the displays. Furthermore, micro lenses may be formed on the second 
substrate 20 in one-to-one correspondence with pixels. Furthermore, 

2 0 many interference layers having different refractive indexes may be 

formed on the second substrate 2 0 to form a dichroic filter using light 
interference for creating RGB colors. 

[00140] In the sixth embodiment shown in Fig. 13, each of the 
transf lective electrodes 214 comprises a single layer composed of Al as 

25 a main component, and thus reflectance can be improved by a relatively 
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simple manufacturing process at relatively low cost. However, even when 
another metal such as Ag (silver), Cr (chromium), or the like is used as 
the main component of the transf lective electrodes 214, the same effect 
as the above-described sixth embodiment can be obtained. 
(Seventh embodiment) 

[00141] A transf lective liquid crystal device in accordance 

with a seventh embodiment of the present invention is described. The 
seventh embodiment of the present invention is different from the sixth 
embodiment in the parameter settings of the first retardation plate 106, 
the second retardation plate 116, and the polarizer 105, and the other 
components and operation are the same as the sixth embodiment shown in 
Figs. 13 to 15. 

[00142] Namely, like in the sixth embodiment, in the seventh 
embodiment, the twist angle 6t of the liquid crystal layer 50 comprising 
a STN liquid crystal is limited to 230 to 260 degrees, the minimum and 
maximum And of the liquid crystal layer 50 are 0.85 jam or less and 0.70 
Jim or more, respectively. 

[00143] Unlike in the sixth embodiment, in the seventh 
embodiment, And of the first retardation plate 106 is 150 ± 50 nm, And 
of the second retardation plate 116 is 610 ± 60 nm, the angle 91 formed 
by the transmission axis or absorption axis of the polarizer 10 5 and the 
optical axis of the second retardation plate 116 is 10 to 35 degrees, 
and the angle 02 formed by the optical axis of the first retardation 
plate 106 and the optical axis of the second retardation plate 116 is 3 0 
to 60 degrees. Therefore, in the transf lective liquid crystal device of 



the seventh embodiment, reflectance for light near the wavelength of 550 
nm is increased to permit a bright reflective color display having high 
contrast. Furthermore, by using the two retardation plates, color 
correction can be easily and precisely performed, and a beautiful black 
display or while display (a black or while display without substantially 
no redness, blueness, greenness, or the like) can be obtained. 

[00144] Like in the sixth embodiment, in the seventh 
embodiment, since the minimum and maximum And of the liquid crystal 
layer 50 are 0.85 um or less and 0.70 paa or more, respectively, a change 
in transmittance with the applied voltage of the liquid crystal can be 
made monotonous in a relatively wide operating temperature range, which 
is required according to the specifications of the device, permitting 
accurate color grayscale display. 
(Eighth embodiment) 

[00145] A transf lective liquid crystal device in accordance 

with an eighth embodiment of the present invention is described with 
reference to Fig. 16. In the eighth embodiment shown in Fig. 16, the 
same components as the sixth embodiment shown in Figs . 13 to 15 are 
denoted by the same reference numerals as the sixth embodiment, and 
description thereof is omitted. 

[00146] The eighth embodiment is different from the sixth or 
seventh embodiment in that unevenness is formed on the surface of the 
first substrate 10 to accordingly form unevenness on the transf lective 
electrodes 214 and the alignment film 15, and the thickness d of the 
liquid crystal layer 50 in each pixel slightly changes with position. 
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The other components of the eighth embodiment are the same as the sixth 
or seventh embodiment . 

[00147] Therefore, the eighth embodiment comprises a first 
substrate 10' having an uneven surface so that each of the transf lective 
5 electrodes 214 has an uneven surface facing the liquid crystal layer 50 
and thus has a scattering surface (white surface) without a feel of 
mirror surface. Also, the angle of view can be widened by scattering 
due to the unevenness . 
(Ninth embodiment) 

10 [00148] A transf lective liquid crystal device in accordance 

with a ninth embodiment of the present invention is described with 
reference to Fig. 17. In the ninth embodiment shown in Fig. 17, the 
same components as the sixth embodiment shown in Figs. 13 to 15 are 
denoted by the same reference numerals as the sixth embodiment, and 

15 description thereof is omitted. 

[00149] The ninth embodiment is different from the sixth or 
seventh embodiment in that an uneven film is formed on the surface of 
the first substrate 10 to accordingly form unevenness on the 
transf lective electrodes 214 and the alignment film 15, and the 

2 0 thickness d of the liquid crystal layer 50 in each pixel slightly 

changes with position. The other components of the ninth embodiment are 
the same as the sixth or seventh embodiment . 

[00150] Therefore, the ninth embodiment comprises an uneven 
film lOu formed on the first substrate 10 so that like in the eighth 

25 embodiment, each of the transf lective electrodes 214 has an uneven 
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surface facing the liquid crystal layer and thus has a scattering 



surface (white surface) without a feel of mirror surface. Also, the 



angle of view can be widened by scattering due to the unevenness . 



(Tenth embodiment) 



5 



[00151] 



A transf lective liquid crystal device in accordance 



with a tenth embodiment of the present invention is described with 
reference to Figs. 18 to 20. Fig. 18 is a sectional view showing the 
laminated structure of transf lective electrodes 214' of the tenth 
embodiment, and Figs. 19 and 2 0 are a plane and a perspective view, 
10 respectively, of the same. In the tenth embodiment shown in Figs. 18 to 
20, the same components as the sixth embodiment shown in Figs. 13 to 15 
are denoted by the same reference numerals as the sixth embodiment, and 
description thereof is omitted. 



15 each of the transf lective electrodes 214' has a laminated structure 
comprising a stripe transf lective film 241, a transparent insulating 
film 242 arranged on the transf lective film 241, and a stripe 
transparent electrode 243 arranged on the insulating film 2 42 instead of 
the transf lective electrodes 214 each comprising a single layer in the 

2 0 sixth to ninth embodiments. Each of the transf lective films 241 has 

slits 241h formed therein, and recesses 243h are accordingly formed in 
each of the transparent electrodes 243. The other components are the 
same as any one of the sixth to ninth embodiments. 



2 5 intensity of external light emitted as display light through the liquid 



[00152] 



As shown in Figs. 18 to 20, in the tenth embodiment. 



[00153] 



In this construction, in the reflective display, the 
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crystal layer 5 0 after reflection by the transf lective films 241 
comprising an Al film or the like can be controlled by controlling the 
orientation state of the liquid crystal layer 50 using the transparent 
electrodes 243 comprising an ITO film or the like and laminated on the 
5 first substrate 10. In this case, each of the insulating films 242 
comprises, for example, silicon oxide as a main component. 
(Eleventh embodiment) 

[00154] A reflective liquid crystal device in accordance with 
an eleventh embodiment of the present invention is described with 

10 reference to Figs. 21 to 23. Fig. 21 is a schematic plan view of the 
eleventh embodiment, Fig. 22 is a sectional view taken along line A-A ' 
in Fig. 21, and Fig. 23 is a partial perspective view of the structure 
of a reflecting electrode layer comprising a color filter incorporated 
therein in the eleventh embodiment. In the eleventh embodiment shown in 

15 Figs. 21 to 23, the same components as the first embodiment shown in 
Figs. 1 to 3 are denoted by the same reference numerals as the first 
embodiment, and description thereof is omitted. 

[00155] As shown in Figs. 21 to 23, the eleventh embodiment is 
different from the first embodiment in that stripe transparent 

2 0 electrodes 321 extending in the transverse direction in Fig. 21 are 
provided on the second substrate 2 0 side, and stripe transparent 
electrodes 314a extending in the longitudinal direction in Fig. 21, a 
color filter 323, a planarizing film 324 for the color filter 323, and a 
full reflector 324b, which constitutes a reflecting electrode layer 

25 together with the transparent electrodes 314a, are provided on the first 
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substrate 10 (particularly, the color filter 323 is formed in the 
reflecting electrode layers) . The other components are the same as the 
first embodiment. 

[00156] Like in the first embodiment, in the eleventh 
5 embodiment having the above construction, the presence of the 

transparent substrate between the liquid crystal layer and the reflector 
prevents the occurrence of double exposure, display blurring, or the 
like to obtain sufficient coloring even in a color display. 
Furthermore, external light is reflected by reflecting electrodes 314b 

10 on the upper surface of the first substrate 10, thereby decreasing 

parallax in a display image to improve the brightness of the display 
image. Particularly, since the twist angle 9t of the liquid crystal 
layer 50, the angles 91 and 92, And of the liquid crystal layer 50, And 
of the first retardation 10 6 and And of the second retardation 116 lie 

15 in the above-described ranges, a color display having brightness and 
high contrast can be realized in the normally black mode. 

[00157] Like in the eleventh embodiment, in a construction in 
which a color filter is formed on the first substrate 10 in each of the 
second to tenth embodiments, when the twist angle 9t of the liquid 

2 0 crystal layer 50, the angles 91 and 92, And of the liquid crystal layer, 
And of the first retardation 106 and And of the second retardation 116 
lie in the above-described ranges, the same effect as the above can be 
obtained. 

(Twelfth embodiment) 
2 5 [00158] A twelfth embodiment of the present invention is 
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described with reference to Fig. 24. In the twelfth embodiment, the 
reflective or transf lective liquid crystal device of any one of the 
first to eleventh embodiments is applied to various electronic 
apparatuses . 

5 [00159] As shown in Fig. 24(a), for example, the liquid crystal 

device of any one of the first to eleventh embodiments is applied to a 
display region 1001 of a portable telephone 1000, thereby permitting the 
realization of an energy-saving portable telephone with brightness and 
high contrast, which causes substantially no parallax and which is 

10 capable of performing high-definition color display. 

[00160] As shown in Fig. 24(b), the liquid crystal device is 
applied to a display region 1101 of a wristwatch 1100 to permit the 
realization of an energy-saving wristwatch with brightness and high 
contrast, which causes substantially no parallax and which is capable of 

15 performing high-definition color display. 

[0 0161] Furthermore, in such a personal computer (or an 

information terminal) 1200 as shown in Fig. 24(c), the liquid crystal 
device is applied to a display screen 12 06 provided in a cover, which is 
mounted to a body 12 04 with a keyboard 1202 so that it can be opened and 

2 0 closed, to permit the realization of an energy-saving personal computer 
with brightness and high contrast, which causes substantially no 
parallax and which is capable of performing high-definition color 
display. 

[00162] Besides the electronic apparatuses shown in Fig. 24, 
2 5 the reflective or transf lective liquid crystal device of any of the 
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first to eleventh embodiments can be applied to other electronic 
apparatuses such as a liquid crystal television, a view finder type or 
monitor direct viewing type video tape recorder, a car navigator, an 
electronic notebook, an electric calculator, a word processor, an 
5 engineering work station (EWS) , a television telephone, a POS terminal, 
and a device with a touch panel . 

[0 0163] The present invention is not limited to the above 
embodiments, and appropriate modification can be made in the scope of 
the gist of the present invention. 

10 

Industrial Applicability 

[00164] A reflective liquid crystal device of the present 
invention exhibits increased brightness and contrast ratio, and can be 
used as various display devices with low power consumption suitable for 

15 color display. A transf lective liquid crystal device of the present 
invention exhibits increased brightness and contrast ratio, 
particularly, in reflective display, and can be used as various display 
devices with low power consumption suitable for color display. 
Furthermore, the transf lective liquid crystal device can be used as a 

20 liquid crystal device which constitutes a display region of any of 

various electronic apparatuses. An electronic apparatus of the present 
invention can be used as a liquid crystal television, a view finder type 
or monitor direct-viewing type video tape recorder, a car navigator, an 
electronic notebook, an electronic calculator, a word processor, a work 

25 station, a portable telephone, a television telephone, a POS terminal, a 
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touch panel, or the like, which comprises the above liquid crystal 
device . 
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CLAIMS 

1. A reflective liquid crystal device comprising: 
a first substrate ; 

a transparent second substrate opposed to the first substrate; 
5 a liquid crystal held between the first and second substrates; 

a reflecting electrode layer arranged on the first substrate 
opposite to the second substrate; 

a polarizer provided on a side of the second substrate, which is 
opposite to a first substrate side thereof; 
10 a first retardation plate arranged between the polarizer and the 

second substrate; and 

a second retardation plate arranged between the polarizer and the 
first retardation plate; 

wherein a twist angle of the liquid crystal is 230 to 260 degrees; 
15 a minimum and maximum And (product of optical anisotropy An and 

thickness d) of the liquid crystal are 0.85 jam or less and 0.70 ^m or 
more, respectively; 

And of the first retardation plate is 150 + 50 nm or 600 ± 50 m; 
And of the second retardation plate is 550 ± 50 nm; 
2 0 an angle 01 formed by a transmission axis or absorption axis of the 

polarizer and an optical axis of the second retardation plate is 15 to 
3 5 degrees; and 

an angle 02 formed by an optical axis of the first retardation 
plate and the optical axis of the second retardation plate is 60 to 80 
25 degrees. 
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2 . 



A reflective liquid crystal device comprising: 



a first substrate; 



a transparent second substrate opposed to the first substrate; 



a liquid crystal held between the first and second substrates; 



5 



a reflecting electrode layer arranged on the first substrate 



opposite to the second substrate; 

a polarizer provided on a side of the second substrate, which is 
opposite to a first substrate side thereof; 

a first retardation plate arranged between the polarizer and the 
10 second substrate; and 

a second retardation plate arranged between the polarizer and the 
first retardation plate; 

wherein a twist angle of the liquid crystal is 230 to 260 degrees; 

a minimum and maximum And (product of optical anisotropy An and 
15 thickness d) of the liquid crystal are 0.85 |xm or less and 0.70 [im or 
more, respectively; 

And of the first retardation plate is 150 ± 50 nm; 

And of the second retardation plate is 610 ± 60 nm; 

an angle 61 formed by a transmission axis or absorption axis of the 
2 0 polarizer and an optical axis of the second retardation plate is 10 to 
3 5 degrees; and 

an angle 02 formed by an optical axis of the first retardation 
plate and the optical axis of the second retardation plate is 3 0 to 6 0 



degrees . 



25 



3 . 



The reflective liquid crystal device according to Claim 1, 
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wherein And of the liquid crystal is 0.70 to 0.85 Mm. 

4. The reflective liquid crystal device according to Claim 2, 
wherein And of the liquid crystal is 0.70 to 0.85 jam. 

5. The reflective liquid crystal device according to Claim 1, 

5 further comprising a color filter provided on the liquid crystal side of 
the first or second substrate. 

6. The reflective liquid crystal device according to Claim 2, 
further comprising a color filter provided on the liquid crystal side of 
the first or second substrate. 

10 7. The reflective liquid crystal device according to Claim 1, 

wherein the reflecting electrode layer comprises a single-layer 
reflecting electrode. 

8. The reflective liquid crystal device according to Claim 2, 
wherein the reflecting electrode layer comprises a single-layer 

15 reflecting electrode. 

9. The reflective liquid crystal device according to Claim 1, 
wherein the reflecting electrode layer has a laminated structure 
comprising a reflecting film, a transparent insulating film arranged on 
the reflecting film, and a transparent electrode arranged on the 

2 0 insulating film. 

10. The reflective liquid crystal device according to Claim 2, 
wherein the reflecting electrode layer has a laminated structure 
comprising a reflecting film, a transparent insulating film arranged on 
the reflecting film, and a transparent electrode arranged on the 

25 insulating film. 
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11. The reflective liquid crystal device according to Claim 1, 
wherein a passive matrix driving system in a normally black mode is 
used . 

12. The reflective liquid crystal device according to Claim 2, 
5 wherein a passive matrix driving system in a normally black mode is 

used. 

13. The reflective liquid crystal device according to Claim 1, 
wherein unevenness is formed on a surface of the first substrate 
opposite to the second substrate. 

10 14. The reflective liquid crystal device according to Claim 2, 

wherein unevenness is formed on a surface of the first substrate 
opposite to the second substrate. 

15. A transf lective liquid crystal device comprising: 
a first transparent substrate; 
15 a second transparent substrate opposed to the first substrate; 

a liquid crystal held between the first and second substrates; 
a light source provided on a side of the first substrate, which is 
opposite to the liquid crystal side thereof; 

a transf lective electrode layer arranged on the first substrate 
2 0 opposite to the second substrate ; 

a polarizer provided on a side of the second substrate, which is 
opposite to a first substrate side thereof; 

a first retardation plate arranged between the polarizer and the 
second substrate; and 
2 5 a second retardation plate arranged between the polarizer and the 
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first retardation plate; 

wherein a twist angle of the liquid crystal is 230 to 260 degrees; 

a minimum and maximum And (product of optical anisotropy An and 
thickness d) of the liquid crystal are 0.85 urn or less and 0.70 Jim or 
more, respectively; 

And of the first retardation plate is 150 + 50 nm or 600 + 50 m; 

And of the second retardation plate is 550 ± 50 nm; 

an angle 01 formed by a transmission axis or absorption axis of the 
polarizer and an optical axis of the second retardation plate is 15 to 
3 5 degrees; and 

an angle 02 formed by an optical axis of the first retardation 
plate and the optical axis of the second retardation plate is 60 to 80 
degrees . 

16. A transf lective liquid crystal device comprising: 
a first transparent substrate; 

a second transparent substrate opposed to the first substrate; 

a liquid crystal held between the first and second substrates; 

a light source provided on a side of the first substrate, which is 
opposite to the liquid crystal side thereof; 

a transf lective electrode layer arranged on the first substrate 
opposite to the second substrate; 

a polarizer provided on a side of the second substrate, which is 
opposite to a first substrate side thereof; 

a first retardation plate arranged between the polarizer and the 
second substrate; and 
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a second retardation plate arranged between the polarizer and the 
first retardation plate; 

wherein a twist angle of the liquid crystal is 230 to 260 degrees ; 
a minimum and maximum And (product of optical anisotropy An and 
5 thickness d) of the liquid crystal are 0.85 \Xm or less and 0.70 (im or 
more, respectively; 

And of the first retardation plate is 150 ± 50 nm; 
And of the second retardation plate is 610 ± 60 nm; 

an angle 01 formed by a transmission axis or absorption axis of the 
10 polarizer and an optical axis of the second retardation plate is 10 to 
3 5 degrees ; and 

an angle 02 formed by an optical axis of the first retardation 
plate and the optical axis of the second retardation plate is 3 0 to 60 
degrees . 

15 17. The transf lective liquid crystal device according to Claim 15, 

wherein And of the liquid crystal is 0.70 to 0.85 |lm. 

18. The transf lective liquid crystal device according to Claim 16, 
wherein And of the liquid crystal is 0.70 to 0.85 Mm. 

19. The transf lective liquid crystal device according to Claim 15, 
2 0 further comprising a color filter provided on the liquid crystal side of 

the first or second substrate. 

20. The transf lective liquid crystal device according to Claim 16, 
further comprising a color filter provided on the liquid crystal side of 
the first or second substrate. 

2 5 21. The transf lective liquid crystal device according to Claim 15, 
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wherein the transf lective electrode layer comprises a reflecting layer 
having a slit formed therein. 

22. The transf lective liquid crystal device according to Claim 16, 
wherein the transf lective electrode layer comprises a reflecting layer 

5 having a slit formed therein. 

23. The transf lective liquid crystal device according to Claim 21, 
wherein the slit has a width of 3 to 2 0 pirn. 

24. The transf lective liquid crystal device according to Claim 22, 
wherein the silt has a width of 3 to 20 pm. 

10 25. The transf lective liquid crystal device according to Claim 15, 

wherein the transf lective electrode layer has a laminated structure 
comprising a transf lective film, a transparent insulating film arranged 
on the transf lective film, and a transparent electrode arranged on the 
insulating film. 

15 26. The transf lective liquid crystal device according to Claim 16, 

wherein the transf lective electrode layer has a laminated structure 
comprising a transf lective film, a transparent insulating film arranged 
on the transf lective film, and a transparent electrode arranged on the 
insulating film. 

2 0 27. The transf lective liquid crystal device according to Claim 15, 

wherein a passive matrix driving system in a normally black mode is 
used . 

28. The transf lective liquid crystal device according to Claim 16, 
wherein a passive matrix driving system in a normally black mode is 
2 5 used. 
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29. The transf lective liquid crystal device according to Claim 15, 
further comprising: 

another polarizer arranged between the first substrate and the 
light source; and 

5 another retardation plate arranged between the first substrate and 

the polarizer. 

30. The transf lective liquid crystal device according to Claim 16, 
further comprising: 

another polarizer arranged between the first substrate and the 
10 light source; and 

another retardation plate arranged between the first substrate and 
the polarizer. 

31. The transf lective liquid crystal device according to Claim 15, 
wherein unevenness is formed on a surface of the first substrate 

15 opposite to the second substrate. 

32. The transf lective liquid crystal device according to Claim 16, 
wherein unevenness is formed on a surface of the first substrate 
opposite to the second substrate. 

33. An electronic apparatus comprising a reflective liquid crystal 
2 0 device according to Claim 1. 

34. An electronic apparatus comprising a reflective liquid crystal 
device according to Claim 2 . 

35. An electronic apparatus comprising a transf lective liquid 
crystal device according to Claim 15 . 

25 36. An electronic apparatus comprising a transf lective liquid 
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crystal device according to Claim 16. 
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ABSTRACT 

A reflective liquid crystal device includes a reflecting electrode (14) 
provided on the liquid crystal side of a first substrate (10) , and a 
first retardation plate (106), a second retardation plate (116) and a 
5 polarizer (105) , which are provided on the side of a second substrate 
(20), which is opposite to the liquid crystal side thereof. The twist 
angle and And of the liquid crystal are 230 to 260 degrees and 0.70 jam 
to 0.85 pun, respectively. And of the first retardation plate is 150 ± 
50 ran, and And of the second retardation plate is 610 ± 60 nm. The 

10 angle formed by the transmission axis or absorption axis of the 

polarizer and the optical axis of the second retardation plate is 10 to 
35 degrees, and the angle formed by the optical axis of the first 
retardation plate and the optical axis of the second retardation plate 
is 3 0 to 6 0 degrees. As a result, a bright image display having high 

15 contrast can be obtained. 
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Japanese Language Declaration 



As a below named inventor, I hereby declare that 



%mm. BHii> TE0a®fl5«0«fct:aa«Sfl& My residence, post office address and citizenship are as stated 



§fcis#) tt. 



fcBU ^ttft^«H£§fr±aHsTE«©BJ|£ffl«£&f>fU fig 



I believe I am the original, first and sole inventor (if only one 
name is listed below) or an original, first and joint inventor (if 
plural names are listed below) of the subject matter which is 
claimed and for which a patent is sought on the invention 
entitled 

REFLECTIVE AND TRANS FLECT1VE LIQUID CRYSTAL DEVICES AND 
ELECTRONIC APPARATUS 



the specification of which is attached hereto unless the 
following box is checked: 

I I was filed on 

as United States Application Number or 
PCT International Application Number 

and was amended on 

(if applicable). 



I hereby state that I have reviewed and understand the contents 
of the above identified specification, including the claims, as 
amended by any amendment referred to above. 



I acknowledge the duty to disclose information which is material 
to patentability as defined in Title 37, Code of Federal 
Regulations, Section 1.56. 



Burden Hour Statement: This form is estimated to take 0.4 hours to complete. Time will vary depending upon the needs of the individual case. Any 
comments on the amount of time you are required to complete this form should be sent to the Chief Information Officer, Patent and Trademark 
Office. Washington, DC 20231. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner of Patents and 
Trademarks. Washington. DC 20231. 
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(b)JHfcSSTffiO, #BJa*©B©Jl>&< l^a*flSU 
TV>3#ffFt§5:*lfe&3 6 5*(a)*fc»t3<BIBagBx x«^s 
■ccftfrtBHS* (_/ < B35flJ#SE©(HlBfc:o^T©^B«$fc*« - 



Prior Foreign Application(s) 

11-312933 
(Number) 

2000-000933 
(Number) 



I hereby claim foreign priority under Title 35, United States 
Code, Section 1 1 9 (a)-(d) or 365(b) of any foreign application(s) 
for patent or inventor's certificate, or 365(a) of any PCT 
International application which designated at least one country 
other than the United States, listed below and have also 
identified below, by checking the box, any foreign application for 
patent or inventor's certificate, or PCT International application 
having a filing date before that of the application on which 
priority is claimed. 

Priority Not Claimed 



Japan 



02/November/1999 



(Country) 
(B«) 
Japan 



(Day/Month/Year Filed) 

(whmfeb) 

06/ January/2000 



(Country) 

(B«) 



□ 
□ 



(Day/Month/Year Fi 



ftfefcx IB 3 5if#BSftl 1 9*{e)JBfc»v^TT3BO*B« 



I hereby claim the benefit under Title 35, United States Code, 
Section 119 (e) of any United States provisional application(s) 
listed below. 



(Application No.) 



(Filing Date) 

(ffiHB) 



(Application No.) 



(Filing Date) 
(ffl»B) 



«»*HSH©rt«#*Bat»JB3 5S11 2 1 «Xf±#«F« 
*&Bft#tt**»BBSfflB$-C©»ffl#fcA^3ft&, 



PCT/JPOO/07770 
(Application No.) 



02/November/2000 
(Filing Date) 



I hereby claim the benefit under Title 35, United States Code, 
Section 120 of any United States application(s), or 365 (c) of 
any PCT International application designating the United States, 
listed below and, insofar as the subject matter of each of the 
claims of this application is not disclosed in the prior United 
States or PCT International application in the manner provided 
by the first paragraph of Title 35, United States Code, Section 
1 1 2, I acknowledge the duty to disclose information which is 
material to patentability as defined in Title 37, Code of Federal 
Regulations, Section 1.56 which became available between the 
filing date of the prior application and the national or PCT 
International filing date of application: 

Pending 

(Status: Patented, Pending, Abandoned) 



(Application No.) (Filing Date) 

(HJBfB) 

&e#©»»cs^T#ss**-c*^fTfc5aw*r5 

mmifi-^r xm-c&ztmKTKzzt, $ e> c mm c & $ n & 

A{k(Dmm%vztitmm(D'rt%&*mmmmi 8mm i o o 1 

sfetS^t, W&SfcttfiSI, * b<tt*©iPii;efcJ;»)flUH$*i 
*UT*©±3fc«*fcJ:Sd^©?SESfT&;i.«> tH 



(Status: Patented, Pending, Abandoned) 

I hereby declare that all statements made herein of my own 
knowledge are true and that all statements made on information 
and belief are believed to be true; and further that these 
statements were made with the knowledge that willful false 
statements and the like so made are punishable by fine or 
imprisonment, or both, under Section 1001 of Title 18 of the 
United States Code and that such willful false statements may 
jeopardize the validity of the application or any patent issued 
thereon. 
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Japanese Language Declaration 

(0*!§iLH«) 



G. Gregory Schivley, (Reg. 27,382) 
Bryant Wade, (Reg. 40,344) 



POWER OF ATTORNEY: As a named inventor, I hereby appoint 
the following attorneys) and/or agent(s) to prosecute this 
application and transact ail business in the Patent and Trademark 
Office connected therewith, (list name and registration number) 

G. Gregory Schivley, (Reg. 27,382) 

Bryant Wade, (Reg. 40,344) 



Harness, Dickey & Pierce, P.LC. 
P.O. Box 828 

Bliomfield Hills, Michigan 48303 


Send Correspondence to: 

Harness. Dickey & Pierce. P.LC. 

P.O. Box 828 
"~~ Bliomfield Hills, Michigan 48303 




m&mmw&% («8r;awie##) 

Harness, Dickey & Pierce, P.LC. 
(248) 641-1600 


Direct Telephone Calls to: (name an3~tete 
Harness, Dickey & Pierce, P.L.C. 
(248) 641-1600 


phone number) 


ISA =FWA " 


^jFuil name of sole or first inventor 
y Chiyoaki IIJIMA 






Inventor's signature 


Date 




Residence 

X« cc - Si; , JJo-S **u>- (C*^, 


, Japan 


mm 


Citizenship 
Japan 




392-8502 B#Sft»JMBSIrfr*S]3TB3#5-l- 


Post Office Address 

c/o Seiko Epson Corporation 

3-5, Owa 3-chome, Suwa-shi. Nagano 


-ken 392-8502 Japan 






Full name of second joint inventor, if any 






Second inventor's signature 


Date 


&m 


Residence 


, Japan 


an 


Citizenship 





Post Office Address 



(» = £lR©#H*W#fcoV>T*lfl*fcffl*U *«4tS £ (SuPP ' y S ' miiar inforTTlation and signature for third and subsequent 
^ ) joint inventors.) 



